Use of Earth Resource Technology Satellites in the field of resource management by Chapman, Eldon Wayne
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1973 
Use of Earth Resource Technology Satellites in the field of 
resource management 
Eldon Wayne Chapman 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Chapman, Eldon Wayne, "Use of Earth Resource Technology Satellites in the field of resource 
management" (1973). Graduate Student Theses, Dissertations, & Professional Papers. 5943. 
https://scholarworks.umt.edu/etd/5943 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
THE USE OF 
EARTH RESOURCE TECHNOLOGY SATELLITES 
IN THE FIELD OF 
RESOURCE MANAGEMENT
by
E. Wayne Chapman
Bachelor of Science 
East Texas State University, 1954
Presented in partial fulfillment of the 
requirements for the degree of
Master of Resource Administration
UNIVERSITY OF MONTANA
1973
Appr^ed by:
airmsin. Board of Examiners
L  / f / J
UMI Number: EP36744
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
UMT
OwMrtaÉk>n PUUishing
UMI EP36744
Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProOuesf
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
ACKNOWLEDGEMENTS
Thanks to the Soil Conservation Service, United States 
Department of Agriculture for sponsoring my year of graduate study.
To Dr. Richard E. Shannon for his stimulation, guidance, 
support, and concern as the Director of the Master of Resource 
Administration Program, I am most grateful.
I owe a special thanks to the many National Aeronautics and 
Space Administration personnel and investigators who provided 
material for this paper.
Thanks to Mrs. Margaret Hammill not only for typing this paper, 
but for the help and kindness shown during the entire study.
To my wife, Pat, a warm thanks for help with this paper, but 
most of all for the encouragement and love she displayed during this 
busy year.
II
TABLE OF CONTENTS
ACKNOWLEDGEMENTS ii
LIST OF TABLES v
LIST OF ILLUSTRATIONS vi
CHAPTER
I INTRODUCTION 1
II EARTH RESOURCE TECHNOLOGY
SATELLITE SERIES 5
ERTS Description
ERTS Mission
Operation Control Center
Orbit and Coverage
Mission Planning
NASA Principal Investigators
III REMOTE SENSING 15
What is Remote Sensing 
Thermal Sensors 
Improved Techniques 
Uses and Potential Uses
IV DATA PROCESSING CENTERS 27
National Aeronautics and Space 
Administration (NASA) Goddard 
Technical Application Center (NASA)
Albuquerque, New Mexico 
Earth Resources Research Center 
(NASA) Houston, Texas 
Earth Resources Observation System 
(EROS) Sioux Falls, South Dakota
III
Laboratory for Applications of Remote 
Sensing (LARS) Purdue University 
Land Use and Natural Resource (LUNR)
Inventory Cornell University, New York 
National Technical Information Service 
(NTIS) Springfield, Virginia
V A REPORT OF CURRENT ERTS ACTIVITIES 50
A Land Use Classification System for 
Use with Remote Sensor Data 
Agricultural Program Management 
Crop Species Identification 
Determining Agricultural Land Potential 
in Alaska 
Geology 
Oceanog raphy
Soil Conservation Service Use 
Soil Surveys 
Rangeland Inventory 
Urban Analysis
VI CONCLUSION 61
' SOURCES CONSULTED 66
APPENDIX 72
IV
LIST OF TABLES
Table Page
1 List of Foreign Countries with Principal
Investigators for ERTS Program 14
2 Photographic Products Price List for
U ,S.G ,S ., Earth Resource Observation
Satellite Data 35
3 ERTS Inquiry/Order Form 36
LIST OF ILLUSTRATIONS
Figure Page
1 A photographic reproduction of an
example of ERTS type photograph 
1:1 ,000,000 scale. Color composite 
of Precision Processed Image (of
Sal ton Sea) 7
2 Overall ERTS System 9
3 Typical ERTS Daily Ground Trace 10
4 ERTS Coverage of Continental United States 12
5 The Sun's Energy Reflection and Absorption
Diagram 17
6 Computer Land Use Recognition Map 18
7 Wide Window of the Spectrum 19
8 Color-enhanced Thermal Mosaic of the
Gulf Stream 23
9 ERTS Map—Missoula, Montana Area
band 5 - emphasizing Agricultural Land 51
10 ERTS Map—Missoula, Montana Area
band 7 - emphasizing Water Areas 52
VI
CHAPTHR I
INTRODUCTION
We have sent seventeen men up to walk upon the moon. What 
good has it done? What benefits accrue from our efforts? In this paper 
I have explored a phase of the space program designed explicitly to aid 
men on earth. The program is Earth Resources Technology Satellite/ 
Nimbus Project—ERTS.
I have worked seventeen years as a resource conservationist 
with the United States Department of Agriculture, Soil Conservation 
Service. With this background I have tried to glean from the wealth of 
available material what I think land use managers and those who advise 
them should know about this and associated programs.
The following newspaper account drew only mild notice from the 
man in the street, but it could affect him greatly:
"The ERTS Spacecraft, nestled in the nose cone of a 
Delta rocket, thundered into space on Sunday, July 23, 1972, 
opening what scientists hope w ill be a new era in man’s 
surveillance of his planet’s dwindling natural resources."^
The $176 million spacecraft was put into a polar orbit 494
^News article, A. P., Wichita Falls Record News, Texas 
July 24, 1972, p. 4B.
n a u t i c a l  miles high. It circles the globe every 103 minutes, completing 
14 orbits per day and views the entire earth every 18 days. ̂
I became more than passively interested in the ERTS project in 
April of 1972 following a tour of the manned Spacecraft Center of the 
National Aeronautics and Space Administration Center at Houston, 
Texas. This was four months prior to the scheduled launch of the 
ERTS-1 Satellite. R. Bryan Erb, a young scientist from Canada, was 
in charge of a special tour for Soil Conservation Service personnel 
from every part of Texas. He is the head of the Application Division 
of NASA in Houston. Mr. Erb and others on the staff explained the 
ERTS program and told us that ideas from "on the ground" resource 
managers were vital to the success of the program. He said they were 
already working with the Soil Conservation Service on a project to see 
if ERTS data could be used in the field of rangeland management. The 
Forest Service would use the data gathered by the ERTS center to help 
distinguish between evergreen and deciduous trees for management 
purposes. Other governmental and private groups were developing 
programs to determine how the ERTS data could best be used.
The development of space technology and its application to earth 
resources may well become one of the more important developments 
of the current scientific technical revolution. It may even become the
^National Aeronautics and Space Administration, NASA Earth 
Resource Technology, Data Users Handbook, (Riverdale, Maryland: 
ERTS Liaison Office, General Electric Co., 1972.) p. 2-9.
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s e v e n t h  major advance in the field of agriculture
After the development of Agriculture itself, irrigation which was 
developed around 6,000 years ago on the Tigris-Euphrates flood plain 
was the firs t major effort of man to change his environment in such a 
way that it would produce more food.
Some time before 3,000 B. C. man harnessed primitive plows to 
animals utilizing non-human energy—the second major advancement.
Columbus’ voyage in 1492 brought the exchange of crops and 
seed stock between the old and new world—the third major advance­
ment in food production.
The fourth major advancement was started with Watt’s develop­
ment of an efficient steam engine. This occurred in the latter half of 
the eighteenth century. It set the stage for mechanization. The steam 
engine led to the development of the internal combustion engine and the 
tremendously efficient tractors and other farm implements currently 
in use.
During the nineteenth century there were two major advance­
ments prior to ERTS. The German chemist von Liebig, the father of 
modern soil chemistry, identified the importance of major nutrients 
in plant growth—nitrogen, phosphorous and potassium. Farmers
^The following discussion is based upon: Lester R. Brown and 
Gail Finsterbusch, ’’Man, Food and Environment,” Chapter 3, 
Environment: Resources, Pollution and Society, ed. by William W. 
Murdock (Stcimford, Connecticut: Sinauer Associates Inc., 1971), 
pp. 54-55.
substituted fertilizers for land as the frontiers disappeared—the fifth 
major advancement.
The sixth and latest significant advancement in man’s efforts to 
discover ways to feed the multiplying population was in plant genetics. 
This was made possible by Mendel’s experiments with the garden pea. 
It continues with the Green Revolution whose main impetus is the 
successful introduction of the new high yielding varieties of wheat and 
rice in several of the developing countries.
The ERTS program may be the seventh wonder of agricultural 
advancement. The remainder of this report provides documentation.
CHAPTER II
EARTH RESOURCE TECHNOLOGY SATELLITE SERIES
ERTS Description
The Earth Resources Technology Satellite (ERTS) program is a 
major step in the merger of space and remote sensing technologies 
into a Research and Development System, This system will be used 
to develop and demonstrate the techniques for efficient management of 
earth's resources. The National Aeronautics and Space Administra­
tion (NASA) launched an experimental satellite, ERTS-I, into orbit on 
July 23, 1972, to establish the feasibility of these techniques. Another 
satellite, ERTS-II, was scheduled to be launched in November, 1973; 
however, NASA has postponed this launch until a later date since 
ERTS-I is functioning so well.
These satellites take multispectral images of the earth's surface 
and transmit the raw data through ground stations to a data processing 
center at the NASA Goddard Space Flight Center in Greenbelt, 
Maryland. There the raw data is converted into black and white or 
color photographs and computer tapes to fu lfill the varied requirements 
of investigators and user agencies.
The knowledge gained by these early ERTS satellites points the
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way toward development of fully operational and more effective 
s y s t e m s  for earth resources management. Figure 1 is a photographic 
r e p r o d u c t i o n  t o  m a t c h  ERTS 1:1 ,000,000 scale. The photograph was 
m a d e  from an Apollo SO-65 color photograph with three contact 
p r i n t i n g  stages and two enlargements. ̂
ERTS Mission
The mission of the ERTS satellites is to continously take 
pictures as they circle the earth. Two sensor systems are used to 
take these pictures: a four channel Multispectral Scanner (MSS) 
subsystem for ERTS-I (Five Channels for ERTS-II), and a three 
camera Return Beam Vidicon (RBV) system. In addition the space­
craft carries wideband video tape recorders which record information 
when it cannot beam it directly back to the earth.
The satellite is used as a relay system to gather data from inves­
tigators all over the world and return it to the data collection system. 
Remote automatic data collection platforms are equipped by specific 
investigators. Data is collected and relayed to ground stations 
whenever the ERTS spacecraft can mutually view any platform and 
any one of the ground "stations. Each data collection system collects 
data from as many as eight sensors. The sensors are manned by 
experienced investigators who sample such local environmental
 ̂NASA, op. cit. pp. 1-1, 2-3.
Ï
Lithograph Image of Salton Sea area of California/ Mexico made from an 
Apollo (SO 65) photograph and distributed in September 1971 edition of the 
Data U sers Handbook as representative of expected quality of ERTS data.
Figure 1
NASA G -73 -2 1 4 8
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c o n d i t i o n s  as temperature, stream flow, snow drift or soil moisture. 
D a t a  from any platform is available to investigators within twenty-four 
h o u r s  from the time the sensor measurements are relayed by the
s p a c e c r a f t .
T h e  overall ERTS-I/II System is illustrated in Figure 2.^ The 
r e m o t e  ground receiving sites are located at Fairbanks, Alaska, 
Gladstone, California and Greenbelt, Maryland.
Operation Control Center
The Operation Control Center (OCC) is the hub of all ERTS 
mission activities. It provides control of the spacecraft and all the 
equipment on board and operates twenty-four hours per day. The OCC 
computer performs spacecraft and sensor "housekeeping" telemetry 
processing, command generations, display processing, system 
scheduling and processing of Data Collection System information.®
Orbit and Coverage
ERTS-I was launched into a circular sun-synchronous orbit with 
9:42 a.m. descending node (equatorial crossing). Figure 3 is a typical 
ERTS daily ground trace. ^ As indicated by Figure 3 the satellite 
makes approximately fourteen revolutions of the earth each day.
^NASA, op. £ it., adapted and paraphrased, pp. 2-1, 2-5. 
^NASA, op. c it., Appendix D, p. D-1 .
'̂ NASA, op. c it., Appendix I, p. 2-9.
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One hundred and three minutes are required for one complete revolu­
tion. It takes 251 revolutions to make a complete coverage cycle 
taking exactly eighteen days. Coverage of the United States is 
depicted in Figure 4.^
With the three ground stations used for ERTS, data covering the 
United States (including Alaska but excluding Hawaii) is obtained in 
approximately eighteen minutes of operation per day.
Mission Planning
The three primary ERTS stations (Alaska, California and 
Maryland) provide coverage of most of North AmeriPa and data is 
normally sent directly to these stations. Data recovery for the rest of 
the globe is performed by recording the data on the on-board wide­
band video tape recorders and playing the data back during subsequent 
ground station contacts. Daily planning of when to record data is 
necessary. Several constraints considered in planning the daily 
activities of ERTS are;
1 . On-board tape recorder capacity of 30 minutes maximum.
2. On-board memory capability for switching sensors on and 
off.
3. Ground station availability and contact time duration,
4. Global landmass distribution.
^NASA, o£. c^.. Appendix I, p. 1-2.
n
7’ ,M ,a maim
Figure 4  SftTS Coverage o f Continental United States
ro
13
5. Ground scene illumination conditions.
6. Ground cover.
Available land mass to be photographed varies from only one to 
two minutes per day to about thirty minutes per day.
Thus priorities are determined when best to activate the sensors. 
Priorities are based upon such things as the scientific importance of 
the area, season of the year, lighting conditions, and time since the 
area was last imaged.
The mission planner makes full use of the predicted cloud cover 
data received from the National Oceanographic and Atmospheric Admin­
istration in planning the operations of the sensors.®
NASA Principal Investigators
As of February 15, 1972, there was a total of 321 principal 
investigators involved in the ERTS-I program. These included 
seventy-five scientists from some twenty-eight foreign countries.
Table I shows the number of principal foreign investigators by country.^
I corresponded with thirty-three of the investigators in the 
United States either in person, in writing or by telephone. Examples 
of the projects these principal investigators are conducting are 
included in the Appendix.
^NASA, op. c it., Appendix K. paraphrased, p. K1-4. 
^NASA, op. c it., Appendix M .
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TABLE 1
List of Foreign Countries with Principal 
Investigators for ERTS Program
Number Number
Country Investigators Country
F rance 11 East Pakistan
Germany 8 Guatemala
Brazil 5 South Africa
Norway 5 Switzerland
England 5 Indonesia
Argentina 5 Finland
Japan 4 Korea
Netherlands 4 Bolivia
Belgium 3 Israel
Colombia 3 India
Canada 2 Peru
Chile 2 Sweden
Australia 2 Ecuador
Venezuela 2 Greece
Invest gators
Total Countries 28 Total Investigators 75
Appendix M of the Data Users Handbook list the name, address, 
title of research project, telephone number, and an identifying number 
assigned by NASA Goddard Space Flight Center, for each investigator.
This handbook is an excellent source of detailed information 
about the ERTS program and can be purchased from NASA for about 
$10.00 per copy. A copy of the current table of contents of the Data 
Users Handbook is included in the Appendix.
CHAPTER III 
REMOTE SENSING
ERTS-I has greatly increased the capabilities of remote sensing. 
It will be useful to review what we mean by remote sensing and discuss 
the use of thermal sensors. Improved techniques of remote sensing 
and the use and potential use w ill also be discussed.
What is Remote Sensing?
Remote sensing is the process of taking measurements of an 
object from a distance. Examples of remote sensors are human eyes, 
cameras, microwave instruments, photomultiplier tubes, solid state 
detectors and spectrometers.
All energy coming to the earth from the sun is either reflected, 
scattered or absorbed and then emitted by the objects on earth. (See 
Figure 5.)^ Since objects have different physical and chemical 
properties, they tend to radiate different amounts of energy in the 
form of electromagnetic waves. Thus, a scene is made up of many 
small radiating elements, and every object could conceivably
 ̂Laboratory for Applications of Remote Sensing, (LARS), 
Remote Sensing of Agriculture Earth Resources, and Man’s Environ­
ment (West Lafayette, Indiana: Purdue University 1971), p. 4.
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transmit different kinds and amounts of reflected and emitted energy. 
Researchers have found striking differences in spectral response of 
such things as vegetation and soil and water. Closer evaluation has 
shown differences between different plants such as corn, soybeans or 
rice. These differences caused by different physical and chemical 
properties would enable objects to be identified by measuring the 
per cent of light or energy reflected. Figure 6 shows a recognition 
map prepared by a computer.^ The computer successfîjlly differen­
tiated forest (black area) from pasture (red area) from rice (blue 
area). Without the computer remote sensing technology would be 
confined basically to the interpretation of photographs, such interpre­
tation as grandmothers make when they identify a picture of their 
latest grandchild.
Man for a long time has known that wave length of the electro­
magnetic spectrum (Figure 7)® in use in remote sensing ranges from 
about 0.1 micrometers (X rays) to 10,000 micrometers (radio waves). 
Also man can actually see with human eyes only a very small portion 
of the spectrum. This segment is from 0.4 to 0.7 micrometers and
2r . Bryan Erb, ’’Manned Spacecraft Center, Houston Area 
Test Site,” National Aeronautics and Space Administration Programs, 
4th Annual Earth Resources Programs Review, Vol. 1, Section 21, 
(Houston: NASA Manned Spacecraft Center, January 17-21, 1972), 
p. 21-17.
^Kenneth F. Weaver, ’’Remote Sensing, New Eyes to See the 
World,” National Geographic, January, 1969, pp. 48, 49.
Figure a . -  Recognition Map of Katy, Testas area, "This recognition map 
was generated from the pattern recognition program and imaged from 
a d ig ita l tape by the film  recorder of the Data Analysis Station. 
The color code is: 
black forest
red pasture
blue rice
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a n d  is referred to as the visible portion. These wave lengths or 
frequencies quantify the colors of the rainbow—violet, indigo, blue, 
g r e e n ,  yellow, orange and red.
A computer may be programmed by researchers to recognize 
patterns of objects of interest. This programming can then be applied 
to the digital form of the scanner data. The computer can be 
programmed to print symbols for a ssimple point which has the pattern 
or fingerprint of the object of interest. For example, it can be 
instructed to print C = Corn, S = Soybean, R = Rice or - = stubble or 
pasture. It can be told to print no symbol when it does not recognize 
the response; therefore, printing no symbol for roads, houses, trees 
and other objects for which it was not programmed.
Thermal Sensors
Since the days of Galileo and his telescope, man has continued 
to augment his senses with instruments. Often he learns lessons from 
the animal world. For instance we are all familiar with the often 
cited excimple of the bat guiding itself with a form of what we call 
radar. We know the dog’s sense of smell, for some odors, is a 
thousand times more sensitive than ours. There is another not so 
familiar example of remote sensing from the reptile world depicted 
in the following scene.
"In the dark of the night, a deer mouse scurries softly 
across a forest floor. Virtually invisible and soundless, 
he seems safe from danger—but the unerring strike of a
21
rattlesnake brings his journey to an abrupt end. Faint 
radiations of heat from the mouse reaching to sensitive 
pits in the viper’s head, have betrayed the exact location 
of the tiny mammal’s warm body. ”4
Just as the rattlesnake had no difficulty perceiving temperature 
differences of a few tenths of a degree a foot away, one of man’s more 
sensitive devices can feel the heat from an ice cube a mile aw ay I 
Already a crystal of idium antimonide in a plane at 20,000 feet can 
see a tiny fire , only one foot across, long before a wisp of smoke 
shows. Since 1965 the U.S. Forest Service has been using such a 
device in hopes of reducing the nation’s losses from 110,000 forest 
fires a year. ̂
The heat sensing technique is being adapted for use on a world 
wide scale using the ERTS program. Another very practical use of 
heat sensors aboard the ERTS and Nimbus satellites is the sensing of 
the sharp boundary between the 75° Gulf Stream and cooler waters. 
Veteran tanker captains, wise to the Gulf Stream’s might, ride its 
five knot current, thus saving as much as eight hours in a run from 
Miami to New York.
In an experimental tracking technique, a radiometer in Nimbus 
II, a NASA weather satellite, was used to locate the Gulf Stream.
It was linked to a computer which calculated temperatures for five
^Ibid.
^Stuart E. Jones and Jay Johnston, "Forest Fire: The Devil’s 
Picnic," National Geographic Magazine, July, 1968, pp. 100-127,
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mile square areas; and an optical device that converted them into a 
color-enhanced mosaic (Figure 8).®
It shows land as green, cool water as yellow and the warmer 
Gulf Stream as red. ERTS and future satellites might read 200 foot 
squares and pick up subsurface temperatures from instrument carry­
ing buoys, thus yielding heat maps useful for navigation.
Improved Techniques
Continuous technical advancements in remote sensing equipment 
and techniques have made the ERTS program possible. Remember 
the initial bad quality of the television pictures returned during the 
first trips to outer space? We strained our eyes to see the firs t "Giant 
Step for Mankind" when Neil Armstrong firs t set foot on the moon 
July 20, 1969, from the Apollo II lunar module.^ Then on each 
succeeding mission the television pictures improved. It is this type of 
improvement in photography and other sensors that is enabling over 
300 principal investigators for ERTS to better carry on their projects.
Another advancement in sensing technique is the development 
of an Infrared Interferometer Spectrometer (IRIS). Mounted in satel­
lites it w ill send back temperature soundings of earth’s atmosphere 
to aid in weather analysis. Since the longer IRIS looks the more it
"Space," The World Book Encyclopedia, 1970, XVII, 572K.
leaver, o£. c it., p. 58
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Figure 8 - Color-enhanced Thermal Mosaic of the Gulf Stream
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s e e s ,  it is designed to stare at a single point for 10 seconds, then 
jump its eye ahead to the next target area. These types of instruments 
now measure the ultraviolet radiation emitted by the sun and by use of 
a computer convert the information gained into numerical values which 
are reconstructed as an ultraviolet map. Vapor clouds from the sun 
have been measured showing temperatures hotter than 2,700,000® F. 
Since our atmosphere absorbs most ultraviolet rays, earthbound 
instruments could not have detected the solar activity. This is just 
another bit of new information scientists are evaluating in attempting 
to better understand the earth's resources.
Aerial cameras today achieve focal lengths (distance from lens 
to film) of 20 to 60 feet by means of folded optics; that is, by bouncing 
the light between mirrors inside the camera before it reaches the 
film . Since a longer focal length increases scale and thus magnifies 
detail, such cameras with improved films can pinpoint objects smaller 
than a Volkswagen from altitudes of 100 to 300 miles. At Cloudcraft, 
New Mexico, an A ir Force electro-optical device known as AN/FSR-2 
could spot an orbiting basketball 20,000 miles up. It is but one of a 
variety of powerful space surveillance sensors. To make an aerial- 
photography map of the United States would require three years and 
1 ,500,000 photographs, A satellite could do the same job in three 
weeks with only 400 photographs; the cost would be approximately 
$750,000 compared to $12,000,000 for aerial pictures. When Gaspard
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F e l i x  Tournachon, who called himself Nadar, snapped the world’s firs t 
a e r i a l  photograph while ballooning over Paris in the late 1850’s, he 
c o u l d  hardly have imagined such refinements as these.8
U s e s  and Potential Uses
A year long in-depth study entitled ” Potential Benefits to be 
Derived from Application of Remote Sensing of Agricultural, Forest, 
and Range Resources" was conducted in 1967. This study was 
conducted under terms of the U.S. Department of Agriculture, Eco­
nomic Research Service for the National Aeronautics and Space 
Administration. The scientists conducting the study were Donald J. 
Belcher, Director; and Research Associates Ernest E. Hardy, Ronald 
L. Shelton, and Eugene L . Schepis of the Center for Aerial Photo­
graphic Studies, Cornell University, Ithaca, New York. This 165 
page report is the most comprehensive and best work on the subject 
I found in my research.
They concluded that remote sensing for Agricultural use applica­
tion showed more economic importance than for range or forestry.
This study identified 160 potential areas which can benefit from 
remote sensing application.8 One hundred and seventeen of these 
areas were in the field of agriculture application, seventy-two in
^Weaver; op. c it. pp. 51-73. 
^Appendix A, B, C.
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r a n g e  land application and seventy-one in forestry application. Where 
p o s s i b l e ,  dollar values were placed on annual benefits to the United 
S t a t e s  a n d  to the world. The interested U.S.D.A. agency was also 
l i s t e d  for each area of application.
The authors conclude that the areas of application that show 
potential for the most significant benefit to the well-being of man are:
1 . Resource evaluation and planning
2. Rural transportation development
3. World food budget
4. Educational application
5. Soil classification and mapping
6. Disaster application
7. Discovery of new species of economic plants
with tolerance or resistance to disease and insects
8. Medical research, through applications to unique 
problems in fields of veterinary medicine
CHAPTER IV
data processing centers
How does one get the information gathered by the ERTS program 
into the hands of those people who need it to make resource manage­
ment decisions and plans? NASA is not only using its data center, but 
several other centers to disseminate this data. As Norman Cousins 
said:
"Facts are terrible things if  left sprawling and 
unattended, They are too easily regarded as evaluated 
certainties rather than as the rawest of raw material, 
crying to be processed into the texture of logic.
It is the job of the trained data processers in the various data
centers to classify this wealth of information about our resources.
There is the task of determining who can use the information, what
information is available, and how it can be obtained. The following
Data Centers are attempting to do this,
NASA Data Processing Facility
The NASA Data Processing Facility (NDPF) system is a vital
^R, Bryan Erb, The Earth Around Us As Viewed from Space, 
(Unpublished paper presented at the Soil Conservation Society of 
America Annual Meeting, Portland, Oregon, 1972),
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p o r t i o n  o f  the overall ERTS project. There are three types of image 
p r o c e s s i n g  performed in NDPF; Bulk, Precision, and Special, All 
d a t a  is Bulk processed while only selected data is Precision or 
S p e c i a l  processed, The images from video data tapes are recorded 
on 70 mm film . The images which are requested by investigators are 
e n l a r g e d  (if required), printed, inspected, logged and distributed.
The NDPF information system serves as a data base to generate cata­
logs of image coverage, microfilm, abstracts, and Data Collection 
System data for distribution to investigators,
It is anticipated that close to one-half million master images 
will be processed and stored at the NDPF each year. An efficient 
storage and retrieval system aids the investigator to select only those 
images that are of significance to him, Investigators have access to 
all NDPF data through several files. These aids include:
Browse Files: Complete microfilm files of all available 
images arranged by date and location, with a data base query 
and search system and image viewing equipment.
Coverage Catalogs: Listing in two separate catalogs of 
all U,S, and non-U,S, images that are returned over each 
18 day coverage cycle. These catalogs are updated and 
distributed on a regular schedule.
Data Collection System Catalog: Listing of information 
available from the remote, instrumental data collection 
platforms.
^NASA, op, c it,, paraphrased Appendix E,
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T ech n o lo g y  Application Center
A NASA Regional Dissemination Center providing bibliographic 
service is maintained at the University of New Mexico at Albuquerque, 
New Mexico 87106: telephone (505) 277-3118, 3111 , The center has 
access to all reports produced and collected by NASA except raw data 
collected by NASA’s Earth Resource Aircraft Program. It provides a 
complete bibliography on remote sensing in three volumes ($125.00) 
from 1962 to the present, and it is updated annually; provides micro­
fiche or hard copy of included reports at cost and also provides 
bibliographic services including searches. It also sells Gemini and 
Apollo photos.^
Earth Resources Research Data Facility
This facility located at Houston, Texas 77058, at the Manned 
Spacecraft Center maintains reports, photos, magnetic tapes of raw 
data and reports produced from NASA Earth Resource Aircraft 
Program. This material is available for use at the facility only; 
however, special arrangements can be made for reproduction of 
material. The telephone number for this facility is (713) 483-7681
The Earth Resources Observation Systems (EROS)
The Department of the Interior operates an EROS Data Center
^NASA, op. cU., Appendix Q, 
^NASA, op. c it., Appendix Q.
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in Sioux Falls, South Dakota. The purpose of this data center, 
operated by the Topographic Division of the Geological Survey, is to 
provide access to the ERTS imagery, USGS aerial photography and 
NASA aircraft data. The data is available to the general public, 
domestic government agencies at all levels, as well as to foreign 
governments.
A new facility is being built at a site north of Sioux Falls, South 
Dakota which could become one of the world's better photographic 
laboratories. It is being constructed to provide one million copies of 
hard data per year from the ERTS program and an additional 500,000 
copies from the other programs. This capacity can be increased 
appreciably when required. (Glen Landis is the current manager.) 
The temporary location of the center is at 10th and Dakota Avenue, 
Sioux Falls, South Dakota 57198. The commercial telephone number 
is (605) 339-2270 and the FTS number is (605) 336-2381 . They accept 
telephone orders from 7:00 a.m. to 7:00 p.m., and visits from 
7:45 a.m. to 4:30 p.m. Central time. An information booklet "The 
EROS Data Center" United States Department of the Interior Geolog­
ical Survey USGS: INF-72-24 provides information about the center 
and procedures for ordering data.
The following more detailed information was furnished the Soil 
Conservation Service by Mr. Landis.
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Organization Chart EROS Data Center USGS 
Sioux Falls, S, D,
Director
Thematic
Mapping
Administration
Research & 
Evaluation
Data
Management
Request & 
Dissemination
Computer 
Center Branch
Photographic
Laboratory
User Assistance 
& Training_____
Receipt Cataloging 
& Storage_____
"The laboratory output w ill be black and white or color 
film , and photographic paper with a maximum enlargement 
of 50" X 96". The laboratory w ill be 100% clean. All people 
w ill be garbed, including shoes. The geographic or UTM 
coordinates w ill be used for location.
A computerized reference system has been set up which 
is called GEOREF. This gives data on accessions. It is 
designed so that someone requesting imagery by telephone 
w ill have all the necessary data in 5 minutes. Three types 
of accessions are in the data base. The first of these are 
block accessions. These are existing USGS data back to 
1945 and coincides with their quad coverage. The second 
is strip accession. This includes such imagery as the NASA 
high-altitude photography for the Corn Blight study. The 
third type of accessions are individual photographs. ERTS 
and ERTS simulated U-2 imagery fall in this area.
It is hoped that all NASA photography regardless of 
the source w ill become a part of the negative files at Sioux 
Falls. They may also consider having new negatives made 
of the pre-1945 photography which is made on nitrate film 
and storing these at Sioux Falls,
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The computer at the end of the day w ill review all 
orders, collate them, and determine which photographs 
from each roll must be obtained for user needs. User 
codes w ill be assigned as individuals order material 
from the Sioux Falls laboratory.
An area of great interest was the User Assistance 
and Training Section which is designed to help the uSer 
with interpretive expertise. This user assistance and 
training section w ill be a clearing house for information 
on how to use the small-scale imagery.
Dr. Don Kulow is responsible for the training. Plans are being 
made to hold seven two week courses. These courses will be for 
agriculture, forestry, oceanography, hydrology, geography, geology 
and a multidisciplinary analysis. The course tuition w ill be commen­
surate with course cost. In addition there w ill be offered, from time 
to time as needed, basic remote sensing course and an adveuiced 
scientific remote sensing course.®
A general Resource Training Course was conducted in November, 
1972. Two have been conducted in Panama and one in Brazil thus far. 
The next session planned in early spring of 1973 is for State Land 
Planners. Another session w ill start April 16, 1973, primarily for 
Federal Resource Managers. Then on June 2, 1973, a four week 
training session w ill start for international resource managers.
®Trip Report from Jerome A. Gockowski, Director Cartographic 
Division, to William M. Johnson, Department Administration for Soil 
Survey, U.S. Department of Agriculture, Soil Conservation Service, 
Subj; USGS-EROS Facility, March 27, 1972.
®Ibid.
33
Several training sessions are planned for other foreign countries.^ 
The core of the Data Center is an IBM 360/30 computer with
65,000 bytes of core storage and 116 million bytes of on-line disk 
storage. This is the device by which the imagery, photography and 
other data are stored and retrieved. It is the device by which 
searches are conducted and it is the management tool for scheduling 
photo processing. Processing time for most requests is one week. 
When the new facility is completed a larger computer will be installed. 
The center has special equipment for the manipulation of the imagery 
such as densitometers, additive color viewers, photo quantizers, 
zoom transferscopes and stereoviewers. The scientific staff is 
available for consultation on the use of this equipment and on interpre­
tive problems.
Browse Films
"Copies of ERTS imagery, aircraft program imagery 
and photography and USGS photography produced on 16 mm 
film are available for purchase. These films are not 
intended for basic research. They are designed to provide 
prepurchase evaluation of such things as areal (sic) cover­
age, cloud cover and sensor angle. The film is supplied 
on an open reel and each film is designed so that it can be 
cut and mounted by the user for microfiche presentation.
Prices
'Table 2 is a current price list and Table 3 is an example 
of an ERTS Inquiry/Order Form . Money orders or drafts 
should be made payable to the U.S. Geological Survey, In
^Bob Reese, Training Director, EROS, telephone conversation, 
February 20, 1973.
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addition to the cost of the reproduction there is a charge for 
any required interim step product. For example, if you 
order a black and white positive print from an original color 
positive transparency, it w ill be necessary to produce a 
negative as an interim step. Any such interim product will 
be retained by the Data Center and made a permanent part 
of the collection."®
I - a b o r a t o r y  for Applications of Remote Sensing (LARS)
LARS was established in 1966 at Purdue University. Its 
primary objectives were to develop remote sensing techniques and 
investigate applications of these techniques in the field of agriculture. 
LARS was funded jointly since its inception by the National Aeronautics 
and Space Administration and the U.S. Department of Agriculture, 
Recently the center has expanded its objectives to include investiga­
tions in geology, hydrology and geography as well as agriculture.
After this expansion it appropriately changed its name from Laboratory 
for Agricultural Remote Sensing to Laboratory for Application of 
Remote Sensing It has been one of the leading factors in the develo- 
ment of the ERTS program.
In July 1967, LARS officials convened a seminar-workshop at 
Purdue University to consider the general theme "Remote Sensing 
and Agricultural Development." At tinis meeting twenty-five leaders
®U.S. Department of Interior, Geological Survey, The EROS 
Data Center. USGS: INF-72-74 (Washington, D.C, : Government 
Printing Office, 1972) p. 18.
g
LARS, op. c it., p. 5.
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TABLE 2 .......
U.S. GEOLOGICAL SURVEY 
EROS DATA CENTER
photographic products pr ic e  l is t  June  22, 1972
The re p ro d u c tio n  w i l l  be p r in te d  on s tan d a rd  paper s to c k  u n le ss  th e o rd e r
s p e c i f ie s  o th e r  m a te r ia ls .
PRODUCT PRICE
1 to  25 Over 25*
Black and w h ite  paper p r in t s
C ontact s iz e :
70 mm $ 1.25 1 .00
5 in .  X 5 in . 1 .50 1 .00
9 in .  X 9 in . 1 .75 1.25
10 in .  X 12 in** 2.50 2 .50
20 in .  X 24 in .* * 3.00 3.00
Enlargem ents ***
10 in .  X 10 in . 1 .75 1 .25
20 in .  X 20 in . 3.50 3.00
30 in .  X 30 in . 4 .50 3 .50
40 in .  X 40 in . 9 .00 8 .00
Black and w h ite  f ilm  tran sp a re n c y
C ontact s iz e :
16 mm (100 f t .  r o l l ) 15.00 15.00
35 mm (100 f t .  r o l l ) 20.00 20.00
70 mm 2.50 2 .50
5 in .  X 3 i n . 2.75 2 .75
10 in .  X 10 in . 3 .00 3 .00
Color p ap e r p r in ts
C ontact s iz e :
70 mm 4.00 2 .50
10 i n .  X 10 in . 7 .00 3 .00
Enlargem ents ***
10 in .  X 10 in . 7 .00 3 .00
20 in .  X 20 in . 12.00 9 .00
30 in .  X 30 in . 17.00 13.00
40 in .  X 40 in . 25.00 •20.00
Color f ilm  tran sp a ren cy
C ontact s iz e :
16 mm (100 f t .  r o l l ) 20.00 20.00
35 mm (100 f t .  r o l l ) 25.00 25.00
70 mm 4.00 2 .50
10 in .  X 10 in . 7 .00 4 .00
Enlargem ents ;***
10 in .  X 10 in . 7 .00 4 .00
20 in .  X 20 in . 15.00 8.00
30 in .  X 30 in . 19.00 15.00
40 in .  X 40 in . 27.00 22.00
Transform ed p r in t s  from e i th e r convergent o r
tr a n s v e rs e  low -ob lique  photographs 3.50 3 .00
*Q uan tity  p r ic e s  apply  on ly  to  th o se  p r in t s  o rdered  in  excess o f 25 o f  th e  same
i . e . ,  26 c o n ta c t p r i n t s .c o s t : 25 @$1.75 each = $43.75 + .1  a t $1.25 » $45 .00 .
** Photo indexes
*** For an in te rm e d ia te - s iz e  en la rgem en t, use the p r ic e  l i s t e d  f o r  th e  n ex t l a r g e r  s iz e .
36
TABLE 3
OaU to  b« ru rn ie h e d  by:
IHOS DATA CtNTER 
Sloux SD 57198
Commercial: 6 05-339-2?/0
FTS 605-336-2381
CRTS INQOIRT/OROER FÙRM 
( p le a s e  p r i n t  o r  ty p e )
ADDRESS: Commerci&l 
FT5 _____
AREA(S) OF IKTERE3T
i r  you have a map a v a i la b l e  w ith  g e o g ra p h ic  o r  UTM c o o r d in a te s ,  p le a se  p ro v id e  th e  g e o g ra p h ic  lo c a t io n  by one o r  th e  fo llo w in g :
  L a t i tu d e  and lo n g i tu d e  o f  a  p o in t  ( i f  you a r e  i n t e r e s te d  In  a  sm a ll a re a )*
________ L a t i tu d e  and lo n g i tu d e  o f  th e  c e n te r  and r a d iu s  i n  m ile s  ( i f  you a r e  I n t e r e s t e d  in  a l a r g e r ^  g e n e r a l ly  c i r c u l a r  a r e a )
L a t i tu d e  and lo n g i tu d e  o f  up t o  e ig h t  c o r n e r s  o f  a  po lygon ( i f  you a r e  i n t e r e s t e d  i n  an i r r e g u l a r  a r e a )
•you may d e s c r ib e  a s p e c i f i c  a r e a  by g e o g ra p h ic  name i f  th e  c o o r d in a te s  a r e  unknown, i . e . ,  I  am i n t e r e s te d  i n  a  10 m ile
r a d iu s  c i r c l e  c e n te re d  on th e  c i t y  o f  A t la n ta ,  G e o rg ia . E x p la in  on th e  re v e r s e  o f  t h i s  form .
DATA DESIRED (System  C o rre c te d  Im agcs-BulK ) B lack  and W hite Bands
C ir c l e  th e  d e s i re d  b a n d (s )  on each  s e n s o r  — R etu rn  Beam V ld ico n  1 2  3
K u l t i s p e c t r a l  f a n n e r  1 2  3 ^
C ir c le  th e  p e rc e n ta g e  o f  maximum c lo u d  c o v e r  a c c e p ta b le  10 20 30 4o 50 60 70 6o 90
WHEN YOU PLACE THE ORDER, WE WILL FURNISH THE LATEST PHOTOORAPH(S ) OBl'AINED OVER TOUR AREA OP INTEREST UNLESS YOU SPECIFY OTHERWISE.
SCALE UNITS
TRANSPARENCIES
UNITS
UNIT PRICE*» UNIT PHÎ.TF,**
C o n ta c t (70mm) 1 :3 ,3 6 9 ,0 0 0 91.25 92.50
E nlargem ant ( 9 * 9 ) 1 :1 .0 0 0 .0 0 0 1.75 3.00
EnlsrK.ement (18 x 18) 1 :5 0 0 ,0 0 0 3.50 —
E nlargem ent (40 x 40) 1 :2 5 0 ,0 0 0 9 ,0 0 . . .
M lcro flln i (l6tnm) 100 f t .  r o l l — ------ .15.00
T o ta ls ------ ( e n te r  in  l i n e  A below ) (« n te r  In  l in *  B below )
F or more th a n  25 p h o to g rap h s o f  one fram e i n  a n  o rd e r  th e r e  i s  a r e d u c t io n  in  u n i t  p r i c e .  T h is  reduced  p r i c e  may be o b ta in e d  from  th e  D ata
  I  w ish  to  o rd e r  a c o lo r  c o m p o s ite , i f  a v a i la b l e  (DO NOT SEND MONEY UNTIL NOTIFIED OF AVAILABILITY BY THE DATA CENTER)
  I  w ish to  o rd e r  Scene C o rre c te d  Images ( P r e c i s io n )  (DO NOT SEND HONEY UNTIL NOTIFIED OF AVAILABILITY BY THE DATA CENTER)
  I  w ish to  p la c e  a s ta n d in g  o rd e r  f o r  r e p e t i t i v e  co v e r (You w i l l  be c o n ta c te d  by th e  D a ta  C e n te r  to  su ra n g e  d e t a i l s .  (DO NOT SEND MONEY FOR A
STANDING ORDER)
PlIVnNC IWSYAOCTIONS
Check whether preduet should he*
! • ____  Vadedfed (keproduetiooe w i l l  s eca a lly  he dodged e le c tr e a le e l ly  or m sauslly to
achieve e trnifem  d ea slty  over the Image area. Check th is  item i f  
you plan to  woe the image for  radiom etric am alyeia, im which eaae 
the demeity d latrlbw cioa im the orlglm ai m aterial w i l l  he preeervod.)
2 . P r i â t  to *
Aceeutuate h ighlighted areas
Acceateata  shadowed aceaa 
)  Special reguiremsers:
PRICE CALCnATION 
A. Total frOTi A (ahove) I
I .  Total fro# B CshWu) *  9
C. Total crat of reprod wet lama (A + E) %
Plua Coat o f Shipplag
_______ lagw lar N ail g
» . _______ Air M all (92 o IZ o f  l in e  C) *
P. T otal p rice o f order (C * D ^  ») #.
Paymemt Made By*
Pmrehase Order No,
„ .Cnvsrumawt Aceeomt No.
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TABLE 3 cont.
ORDERING ERTS IMAGES FROM THE EROS DATA CENTER
Tm rroducclg n
On Sunday. J u ly  2 3 . 1972, t h e  E a r th  R e so u rc e s  T ech n o lo g y  S a t e l l i t e  (ERTS-A) was la u n c h e d  I n to  a sun a y n c h ro n o u s  p o la r  o r b i t  a ro u n d  th e  e a r t h .  The 
( a t e l l l t e  has th e  c a p a b i l i t y  f o r  p ro d u c in g  c o v e ra g e  o f  m ost o f  th e  e a r t h  on an  IS -d a y  r e p e t i t i v e  c y c l e .  The s e n s o r s  on b o a rd  t h e  s p a c e c r a f t  t r a n s a l t
in a s e s  to  NA<A r e c e iv in g  s t a t i o n s  In  F .ii r l .a n k s .  A la s k a :  C o ld sc o n e . C a l i f o r n i a ;  and C r c c n b e l t ,  Mar v i a n d . Im ages a r e  a l s o  r e c e iv e d  by t h e  C an ad ia n  govet n-
a e n t a t  t h e i r  a n te n n a  in  P r in c e  A l b e r t .  S a sk a tc h e w a n . The im ages re c e iv e d  a t  th e  NASA a n te n n a e  a r e  c o n v e r te d  from  e l e c t r o n i c  s i g n a l s  t o  p lio to g ra p h lc  n eg ­
a t iv e s  a t  th e  Goddard Space F l ig h t  C e n te r  In  C r e e n b e l t .  M aryi.nnJ. M as te r c o p ie s  o f  th e  Im ages a r e  l a n e d l . r t e ly  flow n  to  t h e  EROS D a ta  C e n te r  In  S loux  l . r l l s .  
S outh D akota w here th e  Images a r e  p l.iced  In  th e  p u b l ic  dom ain and w here r e q u e s t s  f o r  r e p r o d u c t io n s  o f  th e  Im ages can  he f i l l e d  f o r  th e  s c i e n t i f i c  com m unity. 
I n d u s try ,  and th e  p u b l ic  a t  l a r g e .
The ERTS-A S en so rs
The ERTS-A s p a c e c r a f t  c a r r i e s  two ty p e s  o f Im ag ing  s e n s o r s :  th e  R e tu rn  Beam V ld ic o n  (REV) c a m e ra s  and th e  M u l t l - S p e c t r a l  S can n e r (MSS).
The R etu rn  Beam V ld ico n  c a n c r e s  a r e  t e l e v i s i o n  cam eras  m ounted s id e  by s id e  In  th e  s p a c e c r a f t  and  b o r e - s ig h te d  to  s im u l ta n e o u s ly  p h o to g ra p h  th e  e a r th  
b en e a th  th e  s p a c e c r a f t  In ea ch  o f  th r e e  s p e c t r a l  r e g io n s :  .475  to  .5 7 5  m ic ro m e te rs  ( b lu e - g r e e n .  Band 1 ) ;  .5 8 0  to  .6 8 0  m ic ro m e te rs  ( r e d .  Band 2 ) ;  and .6 9 0
to  .830  m ic ro m e te rs  (n e a r  I n f r a r e d .  Band 3 ) .  The I n d iv id u a l  fram es  o f  RBV Im ages c o v e r  a p p r o x im a te ly  100 X 100 n a u t i c a l  m i le s  and o v e r la p  by 10% a lo n g  th e
s p a c e c r a f t  t r a c k .  They a r c  c o n v e r te d  from  e l e c t r o n i c  s i g n a l s  to  b la c k  and w h ite  p h o to g ra p h ic  p o s i t i v e s  on 70 mm f i lm  by E le c tr o n  Beran R e c o rd e rs  (E B R 's ). 
These o r i g i n a l  Im ag e s, c a l le d  System  C o r re c te d  Im ages ( b u lk ) ,  have a s c a le  o f  ap p ro x im .a te ly  1 :3 ,3 6 9 .0 0 0 . .‘t s s t e r .  r e p r o d u c ib le  c o p ie s  o f  a l l  System  C o rre c te d  
Images (b u lk )  c o l l e c t e d  by th e  s p .a c c c r n f t  and  p ro c e s s e d  by G oddard Space F l ig h t  C e n te r a r e  s u p p l ie d  t o  th e  EROS D a ta  C e n te r  Ir. th e  70 ess f o r m a t .
S e le c te d  fram es  o f th e  RBV im ages a r e  b e in g  f u r th e r  p ro c e s s e d  by th e  Goddard Space F l i g h t  C e n te r  In to  im ages c a l le d  S cene C o r r e c te d  Im ages ( p r e c i s io n
p ro c e s s e d ) .  In  t h i s  p r o c e s s ,  th e  im ages a r e  m atched  to  g round  c o n t r o l  p o in t s  w ith  known l o c a t i o n s ,  and  th e  Im ages c o r r e c t e d  to  a  t r u l y  o r th o g r a p h ic  p r o j e c ­
t i o n .  A U n iv e r s a l  T ra n s v e rs e  M e rc a to r  (UTM) g r id  I s  s u p e r - i r p o s e d  on th e  issag e . System  C o r re c te d  Im ages ( p r e c i s i o n  p r o c e s s e d )  a r e  p re p a re d  a t  a  s c a l e  o f 
1 :1 ,0 0 0 ,0 0 0  w ith  an  Image a r e a  o f  a p p r o x im a te ly  7 1 /2 "  x 7 1 /2 "  on a  9" x 9 "  fo r m a t .  I n c lu d in g  m a rg in a l  d a t a .  . M a s te r r e p r o d u c ib l e  c o p ie s  o f  a l l  s c e n e  c o r ­
re c te d  Im ages p ro d u c ed  by Goddard a r e  s u p p l ie d  to  th e  EROS D a ta  C e n te r  In  th e  9" x 9” f o r m a t .
The M u l t l - S p e c t r a l  Scanner (MSS) I s  a  l in e - s c a n n in g  d e v ic e  w hich  u s e s  an  o s c i l l a t i n g  m ir r o r  to  s lm u l ta i ie o u s ly  sca n  th e  t e r r a i n  p a s s in g  b e n e a th  th e  
s p a c e c r a f t  In  fo u r  s p e c t r a l  b a n d s :  .5  to  .6  m ic ro m e te rs  (band  1 ) ;  .6  t o  .7  m ic ro m e te rs  (band  2 ) ;  .7  t o  .8 m ic ro m e te rs  ( band 3 ) :  .8  to  1 .1  m ic ro m e te rs
(band 4 ) .  As In  t lie  c a se  o f  th e  RBV’s ,  th e  e l e c t r o n i c  s i g n a l s  a r c  c o n v e r te d  t o  70 mm S ystem  C o r re c te d  Im ages (B u lk )  a t  G oddard  S pace  F l i g h t  C e n te r ,  and 
m a s te r  r e p r o d u c lb le s  a r e  s lilp p e d  to  th e  EROS D a ta  C e n te r .  The Image s c a le  i s  a p p ro x im a te ly  1 :3 ,3 6 9 ,0 0 0 ,  and th e .s w a th  w id th  I s  a p p r o x im a te ly  100 n a u t i c a l  
m ile s  w id e . A ltliough  th e  s c a n n e r  d a t a  a r c  a c q u ire d  in  a c o n t in u o u s  sw a th , i n  th e  p r o c e s s  o f  e l e c t r o n i c  s i g n a l  t o  Image c o n v e rs io n  th e  Im ages e r e  d iv id e d
i n to  fram es to  c o rre s p o n d  w ith  t lie  fram e c o v e ra g e  o f  th e  RBV c a m e ra s .
Some sc e n e s  o f  RBV and MSS Im ages w i l l  be s e l e c t e d  by NASA f o r  th e  c r e a t i o n  o f  c o lo r  c o m p o s ite  im a g e s . T h re e  s p e c t r a l  b a n d s  from  e i t h e r  th e  RBV o r 
MSS im ages w i l l  be r e g i s t e r e d  and s e q u e n t i a l l y  exp o sed  th ro u g h  a p p r o p r i a t e  f i l t e r s  o n to  c o lo r  f i lm  a t  a  s c a l e  o f  1 :1 ,0 0 0 ,0 0 0 . The Image e l s e  i s  a p p r o x i ­
m ate ly  7 1 /2 "  X 7 1 /2 "  on an  o v e r a l l  fo rm a t o f  9 "  x 9 " . A l l  c o l o r  c o m p o s ite s  t h a t  a r e  p ro d u c ed  by G oddard Space  F l ig h t  C e n te r  w i l l  b e  s u p p l ie d  t o  t h e  EROS 
D ata  C e n te r  a s  a  m a s te r  r e p r o d u c ib le  c o lo r  n e g a t iv e  Im age. I t  s h o u ld  b e  n o te d  t h a t  n o t  a l l  s c e n e s  a c q u i r e d  by th e  s p a c e c r a f t  w i l l  be p ro d u c ed  a s  c o lo r  com­
p o s i te  im ages.
Image P ro d u c ts  A v a ila b le
The I n d iv id u a l  fram es o f  sy s tem  c o r r e c t e d  (b u lk )  RBV and MSS Im ages a r e  a v a i l a b l e  a t  c o n ta c t  s c a l e  A p p ro x im a te ly  1 :3 ,3 6 9 ,0 0 0  on  a 70 am fo rm a t)  o r  a s  
e n la rg e m e n ts  a t  a  s c a l e  o f  1 :1 ,0 0 0 ,0 0 0  w i th  a n  Im age a r e a  o f  a p p r o x im a te ly  7 1 /2 "  x  7 1 /2 "  on a  9 "  x 9 "  f o r m a t ;  a t  a  s c a le  o f  1 :5 0 0 ,0 0 0  w i th  an  im age a r e a  
o f a p p ro x im a te ly  15" x 15" on 20" x 20" m a t e r i a l ;  and a t  a  s c a le  o f  1 :2 5 0 ,0 0 0  w ith  an im age a r e a  o f  a p p r o x im a te ly  30" x 30" o n  4 0" x  4 0 "  m a t e r i a l .  R ep ro ­
d u c t io n s  ca n  be p ro v id e d  on r e s ln - c o . i t e d  p a p e r  a t  a l l  s c a l e s  ab o v e  o r  on  f i lm  a s  p o s i t i v e  o r  n e g a t iv e  im ages a t  t h e  1 :3 ,3 6 9 ,0 0 0  o r  1 :1 ,0 0 0 ,0 0 0  s c a l e s .
F or th e  s e l e c t e d  fram es t h a t  have b ee n  p r e c i s i o n  p ro c e s s e d  by Goddard an d  m a s te r  r e p r o d u c lb l e s  s u p p l ie d  t o  th e  EROS D a ta  C e n te r ,  S cen e  C o rre c te d  Image
( p r e c i s io n  p ro c e s s e d )  r e p r o d u c t io n s  a r c  a v a i l a b l e  a t  1 :1 ,0 0 0 ,0 0 0 ;  1 :5 0 0 ,0 0 0 ;  and  1 :2 5 0 ,0 0 0  w ith  Image s i z e s  c o r re s p o n d in g  t o  t h o s e  l i s t e d  ab o v e . R ep ro d u c­
t i o n s  a r e  a v o u a b l e  on p ap e r a t  th e  above s c a l e s  o r  on f i l m  a s  p o s i t i v e  o r  n e g a t iv e  ia u g e s  a t  t h e  1 :1 ,0 0 0 ,0 0 0  s c a l e .
F or th o s e  RBV o r  MSS s c e n e s  t h a t  a r c  c o l o r  c o m p o s ite d  by G oddard and s u p p l ie d  to  th e  EROS D ata C e n te r ,  c o l o r  r e p r o d u c t io n s  a r c  a v a i l a b l e  a t  1 :1 ,0 0 0 ,0 0 0  
1 :5 0 0 ,0 0 0 ; and 1 :2 5 0 ,0 0 0  a s  p ap e r p r i n t s  w i th  im age s i z e s  c o r re s p o n d in g  to  th e  ab o v e .
A f te r  e v e ry  18 d a y s , th e  G oddard S pace F l i g h t  C e n te r  p r e p a r e s  a  c o m p le te  com puter p r i n t e d  l i s t i n g  o f  p h o to g ra p h y  a c q u i r e d  and a 16 ssa "b ro w se "  m ic ro ­
f i lm  o f  r e p r e s e n ta t i v e  im ages a c q u ire d  d u r in g  th e  p r e v io u s  18 d a y s .  The m ic ro f i lm s  a r e  n o t  In te n d e d  f o r  a n a l y s i s  p u r p o s e s ,  b u t  a r e  i n s te a d  in te n d e d  to  p r o ­
v id e  a v i s u a l  In d e x  to  th e  c o v e ra g e  and a  c a p a b i l i t y  f o r  c lo u d  c o v e r  a s se s sm e n t by th e  u s e r .  The Band 2 RBV and MSS im age from  e a c h  s c e n e  w i l l  a p p e a r  on 
th e  m ic ro f ilm . A t y p i c a l  m ic ro f i lm  w i l l  I n c lu d e  m ic ro f i lm  c o p ie s  o f  t h e  coaqiuCer l i s t i n g  and up to  1 ,0 0 0  RBV im ages and 1 ,0 0 0  MSS Im ag e s . The m ic ro f i lm s  
a r e  a v a i la b l e  f o r  p u rc h a se  from  tt ic  D ata C e n te r  on  open  r e e l s  s u i t a b l e  f o r  s n u n t ln g  by  th e  u s e r  In  a  c a r t r i d g e  o f  h i s  c h o ic e  o r  I n  m ic r o f ic h e  j a c k e t s .
T hese m ic ro f ilm s  r e p r e s e n t  th e  o n ly  In d e x  a v a i l e d l e  f o r  d i s t r i b u t i o n  i r u H c a t in s  th e  c o v e ra e e  o f  t h e  ERTS S a t e l l i t e .
F la c ln g  an  O rder
You may p la c e  an  o rd e r  w ith  t h e  D a ta  C e n te r  f o r  r e p r o d u c t io n s  o f  th e  System  C o rre c te d  Im ages (b u lk )  b y  c o m p le tin g  th e  a t t a c h e d  fo rm . Your c o o p e r a t io n
In  fo l lo w in g  th e s e  s t e p s  w i l l  be a p p r e c i a te d :  (1 )  P le a s e  p r i n t  o r  ty p e  a l l  o f  th e  In f o rm a t io n  on th e  fo rm ; (2 )  g iv e  y o u r c o m p le te  a d d r e s s  i n c lu d in g  ZIP
co d e ; (3 ) g iv e  a te le p h o n e  number w l.ere you c a n  b e  re a c h e d  d u r in g  n o rm al b u s in e s s  h o u r s .  E n te r  th e  number In  t h e  b la n k  m arked  " c o m m e rc ia l"  I f  th e  te le p h o n e  
g iv e n  i s  n o t  a  F e d e r a l  T e le c o o m u n lc a tlo n s  S ystem  num ber; (4 ) d e s c r i b e  y o u r g e o g ra p h ic  a r e a  o f  I n t e r e s t  a s  a c c u r a t e l y  a s  p o s s i b l e  p e r  t h e  i n s t r u c t i o n s  on th e  
fo rm . I f  you g iv e  g e o g ra p h ic  c o o r d in a t e s .  I t  w i l l  be h e l p f u l  I f  you a l s o  d e s c r ib e  th e  a r e a  o f  y o u r I n t e r e s t  by p l a c e  n am es, e t c . t o  a l lo w  th e  s t a f f  to  
v e r i f y  t h a t  t h e r e  I s  no c o n f u s io n  i n  th e  d e s c r i p t i o n ;  (5 )  s in c e  t h e  sp a c e  p h o to g ra p h s  c o n ta in  v a r y in g  am ounts o f  c lo u d  c o v e r  d e p e n d e n t on th e  l o c a l  m e te o r o ­
l o g i c a l  c o n d i t io n s  a t  th e  tim e  o f  p h o to g ra p h y . I n d i c a t e  t h e  maximum am ount o f  c lo u d  c o v e r  t h a t  w ould b e  a c c e p ta b le  t o  y o u . S h o u ld  you r e q u i r e  t h a t  th e  
s c e n e  b e  c lo u d  f t e e ,  we may have t o  w a it  f o r  s e v e r a l  a d d i t i o n a l  o r b i t s  b e f o re  p r o c e s s in g  y o u r  o r d e r ;  (6 ) s e l e c t  and c i r c l e  t h e  RBV o r  MSS s p e c t r a l  b an d s  
d e s i r e d  ( s e e  ERTS-A s e n s o r s  a b o v e ) .  Each band c i r c l e d  I s ,  o f  c o u r s e ,  a  s e p a r a t e  p h o to g ra p h ; t h e r e f o r e ,  i f  you c i r c l e  fo u r  d i f f e r e n t  b a n d s ,  you w i l l  r e ­
c e iv e  fo u r  s e p 'i r a t e  fram es o f  p h o to g ra p liy ; (7 )  d e te rm in e  th e  s i z e  o f  th e  r e p r o d u c t io n s  d e s i r e d  and e n t e r  i n  th e  u n i t s  colum n th e  t o t a l  num ber o f  fra m e s  I n ­
v o lv e d . Note t h a t  th e r e  a r e  s e p a r a t e  co lum ns f o r  p a p e r  p r i n t s  and p o s i t i v e  t r a n s p a r e n c i e s .  Be s u re  t o  e n t e r  th e  I n f o rm a t io n  In  th e  a p p r o p r i a t e  co lum n;
(8 ) c o m p le te  any  s p e c ia l  p r i n t i n g  I n s t r u c t i o n s  you may w ish  to  g iv e  In  th e  s q u a r e  a t  lo w er l e f t .  I f  you do n o t  h av e  any s p e c i a l  p r i n t i n g  i n s t r u c t i o n s ,  
and th e r e f o r e  do n o t m ark item s  1 o r  2 u n d e r p r i n t i n g  I n s t r u c t i o n s ,  o u r  l a b o r a to r y  p e r s o n n e l  w i l l  u s e  t h e i r  own judgm en t In  a t t e m p t in g  t o  make th e  b e s t  p r i n t  
p o s s ib le ;  (9 ) m u l t ip ly  th e  num ber o f  u n i t s  by  th e  u n i t  p r i c e  and e n t e r  In  t h e  t o t a l  p r i c e  co lu m n . I f  you d e s i r e  r e p r o d u c t io n s  a t  s e v e r a l  d i f f e r e n t  s i z e s .  
I n d i c a t e  a c c o r d in g ly ;  (10) I f  you w ish  to  p u rc h a s e  a m ic ro f ilm  o f  a  c o m p le te  1 8 -day  s a t e l l i t e  c o v e r a g e .  I n d i c a t e  by e n t e r in g  a " 1 "  In  t h e  a p p r o p r i a t e  
u n i t s  colum n In  t lie  m ic ro f ilm  l i n e ;  (11 ) add th e  t o t a l  p r i c e  co lum ns down and  c a r r y  th e  g ra n d  t o t a l  t o  th e  p r i c e  c o m p u ta tio n  a r e a  a t  t h e  low er r i g h t  o f  th e  
form . I f  you w ish  y o u r p r i n t s  fo rw ard ed  by a i r  m a l l ,  add th e  s u rc lia rg e  as r e q u ir e d  and su b m it a c h e c k  o r  money o r d e r  p a y a b le  t o  t h e  U .S . G e o lo g ic a l  Su rvey  
In  th e  c o n  r e t  am ount; (12 ) i f  you w ish  to  o r d e r  c o lo r  c o m p o s ite s  o r  p r e c i s io n  Im ag e s, i f  e i t h e r  a r e  a v a i l a b l e ,  i n d i c a t e  sam e i n  t h e  a p p r o p r i a t e  s q u a r e s .
Be s u re  t h a r  your g e o g ra p h ic  a r e a  o f  I n t e r e s t  I s  in d i c a t e d  a t  th e  to p  o f  t h e  fo rm . Do n o t e n c lo s e  an y  paym ent f o r  th e s e  I te m s  a s  th e y  may n o t  be a v a i la b l e .  
You w i l l  be in form ed by th e  D a ta  C e n te r  o f  a v a i l a b i l i t y  and  p r i c e ;  (1 3 ) i f  you w ish  to  p la c e  a s t a n d in g  o r d e r  f o r  r e p e t i t i v e  c o v e ra g e  o f  a  g iv e n  a r e a .
I n d i c a t e  same In  th e  a p p r o p r i a t e  s q u a r e .  You w i l l  be c o n ta c te d  by a member o f  t h e  D a ta  C e n te r  s t a f f  t o  w ork o u t  d e t a i l s  o f  y o u r  r e q u e s t  and  m ethods o f
paym en t.
Members o f  th e  D ata C e n te r  s t a f f  w i l l  e x e r c i s e  judgm en t i n  c o m p le tin g  y o u r o r d e r .  F o r e x a m p le , i f  y o u r a r e a  o f  I n t e r e a t  h a s  n o t  y e t  b ee n  c o v e re d  or 
was "w ea th ere d  in "  a t  th e  tim e o f  c o v e ra g e , th e y  w i l l  p l a c e  an  o r d e r  t o  b e  f i l l e d  from  th e  f i r s t  r e a s o n a b ly  c l e a r  p h o to g ra p h y  o b ta in e d .  A f te r  th e  s a t e l ­
l i t e  h a s  made s e v e r a l  r e p e t i t i v e  c o v e r a g e s ,  th e y  w i l l  s e l e c t  th e  m ost r e c e n t  good q u a l i t y  c o v e ra g e  o f  y o u r a r e a  u n l e s s  you  s p e c i f y  I n t e r e s t  In  a s p e c i f i c
se a so n  o f th e  y e a r  ( I n d ic a t e  so  u n d er s p e c i a l  r e q u ir e m e n ts ) .
The EROS D ata  C e n te r  h a s  s u b s t a n t i a l  h o ld in g s  o f  im ages a c q u i r e d  by a i r c r a f t  th ro u g h o u t th e  U n i te d  S t a t e s .  We i n v i t e  y o u r I n q u i r y  r e g a r d in g  a v a i l a ­
b i l i t y  o f  s u i t a b l e  c o v e ra g e  o f y o u r a r e a  o f  I n t e r e s t .
I f  you have any q u e s t io n s  r e g a r d in g  th e  ab o v e in fo rm a tio n  o r  a b o u t th e  EROS D ata C e n te r  i n  g e n e r a l ,  we i n v i t e  y o u r te le p h o n e  c a l l  t o :
6 05-33 9 -2 2 7 0  from  n o n -F e d e ra l  T e le c o s s a u n ic a t io n  S ystem s te le p h o n e s  o r  6 0 5 -3 3 6 -2 3 8 1  from  FTS te l e p h o n e s .
n  U S COVCRMMNt FmNIIMG OFflCt: S72 RfOiO" MJ I
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i n  a g r i c u l t u r e  from government agencies, industry, farm and private 
o r g a n i z a t i o n s  c o n s i d e r e d  t h e  following t o p i c s :
1 . Agricultural Remote Sensing: Where are we?
2. What are the potential needs and applications of 
remote sensing techniques to agricultural develop­
ment and management problems?
3. Remote sensing: a tool in river basin planning.
4. The use of remote sensing and systems analysis 
in the development of resources in the Wabash 
River Basin.
This group prepared the following list of potential applica­
tions:
Category A These tasks appear to be feasible with present 
equipment and techniques.
1 . Map of bodies of water (lakes, rivers, streams)
2. Winter wheat acreage map
3. Green vegetation map
4. Map of roadways
5. Measurement of relative surface temperatures
6. Bare soil map (light colored, dark colored 
soils)
7. Detection of plant stress
Category B These tasks are more difficult but it seems reason­
able that they can be accomplished.
1 . Map of wet soil areas
2. Map and measurement of crop species
3. Topographic maps
4. Map and measurement of forest types
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5. Gross characterization of soil permeability
6. Map and measurement of crops severely 
damaged by wind and hail
Category C These tasks are difficult but perhaps possible.
1 . Measurement of crop cover density
2. Measurement of available soil moisture
3. Detection and measurement of crop disease 
areas
4. Detection and measurement of areas of 
insect infestation
5. Prediction of crop yields
6. Detection of plant nutrient deficiencies
7. Weed surveys
8. Detection and location of certain water 
pollutants
The group concluded that remote sensing techniques would be 
helpful both in the developed and undeveloped nations,
The key to the contribution which remote sensing and automatic 
data processing technique can make to agriculture is the timeliness 
with which vital information can be made available to the decision­
makers, the planners, the producers.
Cornell University Center for Aerial Photographic Center
Ronald L . Shelton and Ernest E, Hardy from the Center for 
Aerial Photographic Studies at Cornell University present a very good 
paper outlining Cornell's Environmental Inventory and Planning Tech­
nique. "̂0 The staff of the Center for Aerial Photographic Studies at
^^Ronald L. Shelton and Ernest E. Hardy, Cornell Environmen­
tal Inventory and Planning Technique, (Unpublished paper presented at 
the 37th Annual Meeting of the American Society of Photogrammetry, 
Washington, D. C., 1971).
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Cornell University has been involved in helping several agencies and 
states in establishing techniques for environmental inventory and 
planning. The Cornell staff helped the Office of Planning Coordination 
for the State of New York conduct the New York State Land Use and 
Natural Resource (LUNR) Inventory.
Using these techniques New York State has probably developed 
the most complete, up-to-date and useful inventory of its Statens land 
use and natural resources of any large area in the world. The infor­
mation categorized by this inventory is readily available to all 
decision-makers within the state at a reasonable cost.
LU NR is an information system showing detailed land use plotted 
on maps and coded for computer data handling for all of New York 
State. The primary element of the LU NR Inventory is land use data 
derived from interpretation of aerial photographs which were taken in 
1967 and 1968. The Inventory makes available 130 categories of land 
use information in map overlays, computer-tabular and computer- 
graphic forms. The computerized portion of the land use data 
establishes a format to which a wide variety of supplemental informa­
tion can be added.
The state was divided into checkerboard type squares each 
representing 247.1 acres (1 square kilometer). It took 140,000 grid 
squares to cover the state. Each square has a computer number 
enabling a potential user to call out the veist amount of information
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r e c o r d e d  about any particular square.
Four types of supplementary information were recently added to 
the computer data bank. They were the statewide generalized soil 
types, geological types, economic viability of agricultural lands, eind 
a pilot study information on depth to bedrock. Each of the 140,000 
cells were also coded according to their primary and secondary county 
and minor civil division location. This enables automatic retrieval of 
data by counties and semi-automatic retrieval of data for cells by 
minor civil divisions. Thus a county could ask for and receive a print­
out showing any of the above coded information. The printout could 
be for the entire county or for any one of the 247,1 acre cells involved. 
In addition a computer map overlay with the various uses plotted on it 
could also be printed for the potential user.
This inventory system is a good example of the category levels 
III and IV described by the interagency steering committee on land use 
classification systems for use with remote-sensor data discussed in 
Chapter V. In fact, the interagency committee made full use of the 
lessons learned in developing the LUNR system as several of the same 
scientists were involved in both ventures.
The LUNR Inventory classifies land uses as follows:
Agricultural land (A) use is classified firs t as active (in 
commercial use) or inactive (fairly recently removed from 
agriculture).
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Active areas are delineated according to use by major 
enterprises: orchards, vineyards, horticulture, cropland inten­
sively used for cash crops, and land used more extensively for 
crops related to dairy poultry, pasture and specialty farms.
Each includes headquarters areas.
Forest land (F) is classified as forest brushland, forest 
lands (mature stand where 50 per cent or more of the trees 
are over 50 years old and over 30 feet high) and Plantations,
Water resources (W) information includes mapping of water 
and wetland areas, a count of farm ponds and other water bodies, 
and a measure of miles of shoreline of lakes, rivers and streams.
Residential land (R) use is based on a housing density 
gradation from single farm residence to high density urban 
housing, noting apartment buildings, rural hamlets, and areas 
of vacation homes and cottages (only along lakes, rivers and 
other water bodies and courses).
Commercial and Industrial land uses (C and I) were broadly 
categorized, Much detailed information on this subject is already 
available from other sources and can be added later to the 
system if needed. This inventory only delineated central 
business districts (Cu), Shopping Centers (Cc), Resorts (Cr)
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and Strip Development (Cs) for Commercial Areas. It mapped 
Industrial areas into Light manufacturing and Industrial Parks 
(II) and Heavy manufacturing (Ih).
Outdoor Recreation land use (OR) was recorded for which 
specific areas have been developed and which constitute the 
predominant use of land. This classification conforms in 
general to the outdoor recreation inventories of the U.S. Soil 
Conservation Service. It lists:
OR-1 Golf Courses
OR-2 Ski Areas and other winter sports
OR-3 Swimming pools and developed beaches
OR-4 Marinas, yacht clubs and boat launching sites
OR-5 Campgrounds, public and private
OR-6 Stadiums, race tracks, amusement parks
OR-8 Fairgrounds
OR-9 Public parks
OR-13 Rifle and skeet shooting
OR-16 Other private and community recreation facilities
Extractive Industry land use (E) areas were divided into 
surface and subsurface mining areas» Open mining was divided 
into Stone Quarries, Sand and Gravel Pits, and Other Mining; 
Undergound Mining was divided into Oil and Gas Wells, Salt 
Mining, Other and Abandoned Mines and Wells.
Public and Semi-Public land uses (P) were divided into:
P-1 Educational 
P-2 Religious 
P-3 Health 
P-4 Military
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P-5 Solid Waste Disposal
P-6 Cemeteries
P-7 Water Supply Treatment Facilities
P-8 Sewage Treatment Plant
P-9 Flood Control Facilities
P-11 Correctional Institutions
P-12 Road and Street Equipment Centers
P-16 Welfare Centers
P-T7 State Office Building Campus
P-18 Plum Island Animal Disease Research Center
P-19 Groundwater Recharge Areas
Transportation land use (T) is divided into Highways, Rail­
ways, Airports, Barge Canals, Marine Shipping, and Communi­
cations and Utilities, Each has three to nine subdivisions.
Nonproductive land (N) includes only areas without any 
observable present use that would place them in one of the 
preceding categories. They include Sand and Exposed Rock 
Cliff, Rock Slopes and Slide Areas,
In addition to the New York project the Cornell staff has 
helped numerous agencies, states and even foreign countries to 
establish techniques for environmental inventory and planning, Puerto 
Rico, El Salvador, Colorado, Arizona, Illinois and Missouri all have 
used the Cornell developed technique. In their paper Messrs. Shelton 
and Hardy summarized some of the concepts used in developing these 
natural resource inventories. They divide the discussion into eight 
general headings: Design, Classification, Data Acquisition, Geograph­
ical Referencing, Data Processing, Data Storage, Data Retrieval and
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Application.
Design covers the basic questions and concepts that ought to be 
considered before proceeding to examination of alternative techniques. 
Classification, data acquisition and geographical referencing constitute 
the elements of an inventory. Data processing, storage and retrieval 
outline the data system. Application concerns the uses to be made of 
the information which must at some point justify the entire project.
Cornell's work on these projects was conducted prior to the 
launch of ERTS. The LUNR Inventory System used conventional 
panchromatic aerial photography interpreted by people. It was pointed 
out that at the time when the New York Project was being done the 
automatic photo interpretation and multi-spectral sensing was not 
practical or available. However Messrs. Shelton and Hardy and 
others from Cornell have active research projects in which they are 
utilizing ERTS data. ̂  ̂  In April, 1971 they submitted "A Proposal 
for Evaluation of Satellite Imagery as an Information Source for 
Inventorying Land Use and Natural Resources" to NASA. They point 
out that the LUNR Inventory of New York State can serve as a most 
useful base for evaluating the ERTS' Imagery,
National Technical Information Service (NTIS)
The Commerce Department's NTIS is the central source for the
11 Ernest E. Hardy, personal letter, January 17, 1973.
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public sale of government sponsored research and development reports. 
It also sells government analyses prepared by Federal Agencies, their 
contractors or grantees.
The agency is required by law to price its products and services 
for cost recovery. In 1971, NTIS supplied the public with more than 
two and one-half million documents and microfiche. It fills about
8,000 orders a day. The public may subscribe to an NTIS service and 
will receive information of new data in the designated profession or 
acquire business information within weeks of its release.
Weekly Government Abstracts; One of the services provided is 
a Weekly Government Abstract (WGA) service. See the Appendix U for 
an example of material included in the Weekly Abstract.
Other subjects covered by WGA along with yearly subscription 
rates are:
Building Technology ($17.50)
Computers, Control and Information Theory ($22.50) 
Environmental Pollution and Control ($22.50)
Management Practice and Research ($17.50)
Material Sciences ($22.50)
Transportation ($17.50)
There is a discount rate of $3.00 for each additional title when 
two or more are ordered on one form.
Government Reports Topical Announcements: The WGA will 
eventually replace the semi-monthly "Government Reports Topical 
Announcements" (GRTA) which covers many other subjects. The
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a n n u a l  subscription rate for the GRTA is $7.25.
Microforms; You may comfortably carry fifty 300 page micro­
fiche volumes in your coat. There are about 98 pages on each 4x6  
inch film sheet. Modern microfilm is on reels, about the size and 
shape of 16 mm movie film , each reel containing the equivalent of 
2,200 printed pages.
Portable fiche and film readers, book size and weighing as little 
as five pounds are available from under $100.00. Readers which also 
print selected pages for permanent storage are priced from $400.00. 
Practically all periodicals (one company has a collection of more than 
6,000) and vast varieties of historic and contemporary information are 
available on microforms. You may subscribe to a microfiche service 
which w ill automatically send you information of selected categories 
in microfiche. You receive the complete documents rather than just 
the abstracts. They are distributed semi-monthly at 35(# per fiche. 
Regular prices are 95(# per fiche for non-subscribers. To get the 
same material in regular print would cost $3.00 to $3.75.
Other information: Quite a bit of the data furnished is available 
on magnetic tapes. Most tapes are highly specialized in such cate­
gories as Cartography, Estimating Tunneling Cost, Water Require­
ments for Municipalities, and the United States Budget.
NTIS is the national marketing coordinator for various
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Information Analysis Center Services. These services are sponsored 
and partially financed by the Department of Defense, the Atomic 
Energy Commission and the Department of Commerce. All these 
Centers have a requirement to become 50 per cent self-sustaining 
through public sales of products and services. These Centers are 
divided into three principal categories: Technical Inquiry Services, 
Data Books and Research Reports, and Current Awareness Bulletins. 
Ten such centers are listed primarily in the fields of chemicals and 
metals. One center which has application to the subject of this paper 
is the Infrared Information and Analysis Center. It covers infrared 
sources, characteristic radiation from natural and man-made objects, 
optical properties of materials, infrared detection materials and 
elements, laboratory components and techniques, infrared spectra, 
lasers and masers, military infrared systems and components.
NTIS provides references to scientific and technical documents, 
inqui ries on current research and development, answers specific 
technical questions, publishes bibliographies and state of-the-art 
reports, conducts the annual Infrared Information Symposia and 
Department of Defense Conference on laser technology.
Numerous other information services are available from 
"Translation from Mainland China Press" (annual subscription rate 
$225.00) to "Environmental Awareness Reading List," (annual
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subscription rate $16.00). ̂ ^
12U.S. Department of Commerce, National Technical Informa­
tion Service, NTIS, Information Service, (Washington, D. C.; 
Government Printing Office, 1972), pp. 1-16.
CHAPTER V
REPORT OF CURRENT ERTS ACTIVITIES
Most of the ERTS Principal Investigators said it was still too 
early to report any real progress or evaluation of ERTS data; however, 
all seemed quite optimistic about the usefulness of the information. 
Figures 9 and 10 are copies of ERTS maps of the University of 
Montana area. These maps help to explain the advantage of using 
cameras which record different wavelengths. Figure 9 was taken with 
a multispectral scanner which recorded wavelengths of 0,6 to 0,7 
micrometers (band code 5), This band highlights the agricultural 
land shown below Flathead Lake, Figure 10 was taken with cameras 
using wavelengths of 0,8 to 1 .1 micrometers (band code 7), This 
band enables you to determine the water areas more easily than any 
of the other three multispectral scanners on board ERTS-I,
A Land Use Classification System for Use With Remote Sensor Data 
For many years, agencies at various governmental levels have 
been collecting data about land, but for the most part they have worked 
independently and without coordination. In early 1971 an Interagency 
Steering Committee on Land Use Information and Classification was
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F i g u r e  9
EARTH RESOURCES TECHNOLOGY SATELLITE MAP
Scale 1:500000 ( l”=approx. 8m i.)Date 10 Aug. 72 
Multispectral Scanner Band 5 (0.6 —0.7 micrometers wavelengths) 
Missoula, Montana Area
52
F i g u r e  10
EARTH RESOURCES TECHNOLOGY SATELLITE MAP
Scale 1:1,000,000 (!"-approx. 16 mi.) Date 10 Aug 72 
Multig>ectrai Scanner Band 7 (OS—1.1 micrometers wavelengths) 
Missoula, Montana Area
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formed. The committee was composed of representatives from the 
Geological Survey of the U.S. Department of Interior, the National 
Aeronautics and Space Administration, the Soil Conservation Service 
of the U.S. Department of Agriculture, the Association of American 
Geographers, and the International Geographical Union. ^
The Committee conducted a Conference on Land-Use Information 
and Classification in Washington, D. C. on June 28-30, 1971. At this 
conference they received inputs from over 150 representatives of 
federal agencies, state and local governments, universities, institutes 
and private concerns. Cn the basis of this conference the committee 
developed a proposed land use classification system that w ill be used 
with remote sensing, including the ERTS program. There will be 
minimal reliance on supplemental information at more generalized 
firs t and second levels of categorization. Level I w ill generally use 
the map scale of 1:1,000,000 or 1 inch is 16 miles. Classification 
level II will combine high altitude and satellite imagery with topo­
graphic maps and use a ratio of 1:100,000 or 1 inch is 1 .6 miles.
Level III w ill combine medium altitude remote-sensing (1:24,000 
scale or 1 inch is 2,000 feet) with detailed topographic maps and 
substantial amounts of supplemental information. Level IV w ill 
utilize low-altitude imagery with most of the information derived
 ̂US Department of the Interior, A Land-Use Classification 
System for Use with Remote-Sensor Data, Circular 671, (Washington 
D. C. : Government Printing Office, 1972), pp. 1-16,
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f r o m  supplemental sources and a very large scale such as 1 inch is 
400 to 500 feet. The classification system proposed for Levels I and 
II is as follows:
Level IILevel I
Urban & Built-up
Agricultural
Rangeland
Forestland
Water
Non-Forested
Wetland
Residential
Commercial & Services
Industrial
Extractive
Major Transport Routes 
& Areas 
Institutional 
Strip & Clustered 
Settlement 
Mixed
Open & Other
Cropland & Pasture 
Orchards, G roves, Bush 
Fruits, Vineyards & 
Horticultural Areas 
Feeding Operations 
Other
Grass
Savannas (Florida type)
Chaparral
Desert Shrub
Heavy Crown Cover 
(40% and over)
Light Crown Cover 
(10% to 39%)
Streams & Waterways
Lakes
Reservoirs
Bays & Estuaries
Other
Vegetated
Bare
Level I 
(Digit) 
01
02
03
04
05
06
Level II 
(Digit)
01
02
03
04
05
06
07
08 
09
01
02
03
04
01
02
03
04
01
02
01
02
03
04
05
01
02
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Level I
B a r r e n  Land
Tundra
Permanent Snow 
& Ice Fields
(Continued)
Level II Level I 
(Digit) 
07
Salt Flats
Sand (other than beaches) 
Bare Exposed Rock 
Beaches 
Other
Tundra
Permanent Snow 
& Ice Fields
08
09
Level II 
(Digit
01
02
03
04
05
01
01
Agricultural Program Management
The Agricultural Stabilization and Conservation Service of the 
U.S. Department of Agriculture is involved with experiments being 
conducted in eighteen counties in fifteen states using ERTS imagery. 
Mr. James F . Davis, Chief of their Aerial Photography Branch, says,
"We do feel that remote sensing procedures can be 
developed and perfected to yield real, live information 
which would be very useful in the management of agricul­
tural programs; crop inventory; acreage measurement;
and many other ways,ii2
Crop Species Identification
Donald H. Von Steen, Head, Remote Sensing Research and 
Development Branch of the U.S. Department of Agriculture Statistical 
Reporting Service is conducting an ERTS research project. In this
■James F . Davis, personal letter, January 18, 1973.
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project he is utilizing the imagery from the ERTS satellite, from 
aircraft and from ground sources to develop techniques of crop species 
identification for use in estimating yield data.^
Determining Agricultural Land Potential in Alaska
C. Ivan Branton of the Agricultural Engineering Department of 
the University of Alaska, Palmer, Alaska feels that there is a great 
potential for use of ERTS imagery or digital tapes in Alaska. Here 
the ERTS data w ill be useful in locating areas with agricultural 
potential
Geology
Dr. Robert M. Weidman, University of Montana Geology Profes­
sor, is using ERTS data to study the past growth of fracture systems 
in the rocks underlying Montana, He says he hopes this information 
w ill be useful in better understanding the relationships of geological 
formations to the state’s mineral resources
Oceanog raphy
Fabian C. Polcyn, Research Engineer from the Environmental 
Research Institute of Michigan, has a project to demonstrate the
^Donald H, Von Steen, personal letter, January 9, 1973.
Ivan Branton, personal letter, January 9, 1973.
^Robert M. Weidman, personal interview and news article 
Missoulian, Missoula, Montana, February 18, 1973.
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feasibility of using ERTS-I data for the measurement of water depth.
He is also studying the use of ERTS data to support the Inter­
n a t i o n a l  Field Year for the Great Lakes, a synoptic study of the Lake 
O n t a r i o  and its basin during April, 1972 to March, 1973. He says it 
is too early at this time to give any conclusive results.®
The secrets of the deep may not be so secret anymore. Whan a 
s c h o o l  of fish change course deep below the surface of the water man 
will know. Sensors in the ERTS linked to a computer will be able to 
monitor this change and promptly notify man.^
Soil Conservation Service Use
The Soil Conservation Service (SCS) is one of eleven USDA 
agencies serving on the USDA Earth Resources Survey Committee 
established in December 1969. A, C, Orvedal, Assistant Director, 
Soil Survey Interpretations^ and Jerome A. Gockowski, Director, 
Cartographic Division from the Washington Office, w ill serve on this 
committee. The SCS has a committee to deal with SCS interest in 
remote sensing. In addition to Mr. Orvedal and Mr, Gockowski,
J. W. Hass, D. M. Whitt, V. M. Bathurst, G. B. Welsh and N. F. 
Bog ne r serve on this committee.
Administrator Ken Grant Issued Washington Advisory INTRA-15
^Fabian C. Polcyn, personal letter, February 1, 1973. 
^"Zerox,” N.B.C. telecast, March 21, 1973.
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Re: Remote Sensing on May 26, 1972, to the SCS offices. It contains 
a three page concise status report of SCS involvement in remote 
sensing. It is included as an Appendix L to this paper.
The Soil Conservation Service in Texas has been working 
closely with NASA at Houston for the past two years. Don Pendleton, 
a Range Specialist, has been assigned practically fuU time to study 
the use of ERTS Data in range analysis.
Soil Surveys
Mathews, et reported 90 per cent accuracy in soils mapping
using remote sensing and computer prepared maps. They make use of 
thirteen wavelength bands ranging from .4 to 2.50 um  ̂taken from 
multispectral scanners from an aircraft flown at 3,000 feet of altitude. 
They concluded that remote sensing using automatic data processing 
can be successfully used to aid in mapping soils.
Delbert L. Mokma, research associate at Michigan State 
University, heads an investigation entitled "Use of ERTS data for a 
multidisciplinary analysis of Michigan Resources; Task III -  Evalua­
tion of Soils, Soil conditions and Landforms." The other parts of this 
project being studied by other research scientists at Michigan State
, L. Mathews, et , Application of Multispectral Remote 
Sensing to Soil Survey Research in Southeastern Pennsylvania, 
(unpublished paper presented before DIV. S-5, Soil Science Society 
of America, New York, New York, August 17, 1971).
^micrometers = 10"“® meters.
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are Task II, Agricultural Crops and Task I, Forest and Related 
Natural Resources.
Mr. Mokma reports due to bad weather conditions and late 
arrival of digital tapes that he has no results to share.
Several other abstracts of recent work on Soil Studies by remote 
sensing are included in the Appendix N.
Rangeland Inventory
George Bentley of the Bureau of Land Management (BLM), U.S. 
Department of the Interior is the principal investigator for the follow­
ing ERTS research project:
Discipline: Agriculture (Rangeland)
Title: Predict Ephemeral and Perennial Range
Quantity and Quality During Normal 
Grazing Season
He w ill test the usefulness of ERTS imagery for a number
of resource management problems facing the BLM at four
sites. These sites are:
Arizona Sites: (San Simon, Mar ana)
California Sites: (Coachella Valley, Sand Hills)
Oregon Site: (Southeastern)
AlcLska Site: (Seward Peninsula)̂  ̂
He is presently serving on a range analysis team with the follow­
ing team members: Denny Parker, Range Specialist, Lockheed
^^Delbert L. Mokma, personal letter, February 1 , 1973. 
 ̂^Gordon Bentley, personal letter, February 12, 1973.
60
Electronics Company (LEO); John M . Dialer, Photo Interpreter, LEO; 
Edwin P. Kan, Data Processing Specialist, LEO; and Roger Trejo, 
Geologist, LEG.
The objective of this interdisciplinary team is to determine the 
utility of ERTS-I data for mapping several broad vegetation types in 
a Houston Area Test Site.
Urban Analysis
Steven J. Prestin, Research Assistant at the University of 
Minnesota, is studying the use of ERTS-I imagery to up-date and 
refine existing statewide land resource information systems. He says 
preliminary analysis suggests that with appropriate changes in opera­
tional definitions the existing land use classes can be further refined; 
also that additional detail appears most feasible in urban, forest, 
wetland and extractive classes. ̂  ®
12Don Pendleton, personal letter, November 28, 1972.
^^Steven J . Prestin, personal letter, February 12, 1973.
CHAPTER VI 
CONCLUSION
The development of civilization has been, is, and I believe, w ill 
continue to be an act of w ill. Man does not have to continue to do 
environmental damage to the "space ship earth." He does not have to 
continue, if he wills otherwise, the fast rate of population growth. He 
can, if he so wills, better use technology to help solve resource 
problems. He can raise the standard of living for all the people on 
earth.
Consider these space altitude records. ̂  Only twenty-nine years 
ago, in mid-1944, a German A-4 rocket reached an altitude of 118 
miles. This broke the altitude record of .71 miles (3,762 feet) set 
by a three inch rocket in 1750 near London, England.
On November 1, 1962, Russia’s Mars I rocket reached a peak of 
its solar orbit for a new record of 242,000,000 miles. The U.S. 
Pioneer X rocket launched March 2, 1972, passed the 1 ,000,000 mile 
mark on April 8, 1973, on its voyage to set a new altitude record. It 
w ill reach an altitude of 1,800,000,000 miles by 1980 after which it
 ̂Norris McWhirter, Guinness Book of World Records,(New York, 
New York: Bantam Books, Inc., 1973) p. 145.
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will pass out of the solar system’s gravitational field.
Now that we have developed the technology of such amazing space 
feats it is time to turn from the spectacular to th e  practical. Through 
Congress the American people are insisting that future space probes 
be used to provide direct benefit for man. They are not content to 
continue to fund the space program merely to stay up with or ahead of 
the Russians.
It is the tremendous potential of space sensor technology to 
gather data in order to better manage the natural resources of the 
entire world that has excited the scientific community. The NASA 
Earth Resources Technology Satellite (ERTS-I) is the most significant 
action yet taken toward realization of that potential. Almost the entire 
field of remote sensing is now focusing on ERTS-I.
On May 14, 1973, the Sky lab Spacecraft is scheduled to be 
launched. The Skylab experiment w ill have in addition to the same 
type sensors on board ERTS-I a thermal sensor which will greatly 
expand its capabilities to monitor earth’s resources. It is also 
scheduled to have on board a Return Beam Vidicon (RBV) imaging 
system.2 The RBV system on board ERTS-I had to be discontinued 
shortly after launch due to a faulty switch
^News Article, A .P ., The Missoulian, Missoula, Montana, May 
9, 1973.
^R. Bryan Erb, personal telephone conversation, October 26,
1972.
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It has become quite evident to me during the course of preparing 
this paper that a cadre of the best scientists not only in our country but 
around the world are at work on the ERTS Project, Though ERTS-I 
has been circling the globe less than a year, long range plans built on 
knowledge gained from the entire space program have been well made. 
These plans have and are involving the people who must put the data 
gathered to work for the betterment of us all. Involvement is the key 
word.
I think through this ERTS program, governmental agencies and 
private industries are devising techniques to better gather, classify, 
store and share all types of resouce data. The costly duplications of 
efforts of several public and private groups are no longer being tolei— 
ated. We have only begun to explore the vast capabilities of the 
mechanical wonder called the computer in the field of resource manage­
ment, (In California seven rice fields known to contain 1,221 actual 
acres were measured, ERTS-I and a computer came up with 1,218 
acres.)'̂  The Land-Use and Natural Resource Inventory of New York 
State^ as it is improved and adapted for use with ERTS and future 
programs seems to me to be a vital step in a worldwide inventory, an 
inventory that must be dynamic with built-in up dating provisions, an
^Soil Conservation Service, NASA Meeting on Remote Sensing, 
(Meeting held at Hyattsville Cartographic Unit, Hyattsville, Maryland, 
March 21 , 1972, Washington: Soil Conservation Service, 1973) p. 1 .
^Shelton & Hardy, op. c it.
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inventory that can help us to measure Gross Human Welfare rather 
than merely the Gross National Product.
It is significant that all across our country, cities, counties and 
states are considering and enacting land use planning actions. The 
Congress of the United States is debating national land use planning 
bills. It is considering and enacting resource ménagement recommen­
dations of the Public Land Law Review Commission.® Professional 
Societies such as the Soil Conservation Society of America are 
conducting National Land Use Policy Conferences. ̂
Universities are conducting Land Use Planning Short Courses 
such as the one scheduled at the University of Montana on July 23 
through August 3, 1973. They are organizing into regional consor­
tiums such as the Rocky Mountain Universities to better coordinate 
land use planning projects.®
^A Report to the President and to the Congress by the Public 
Land Law Review Commission, One Third of the Nation's Land, 
Wayne N. Aspinall, Chairman (Washington, D.C.; GPO, 1970).
^"National Land Use Policy, Objectives, Components, Imple­
mentations," The Proceedings of a Special Conference Sponsored by 
the Soil Conservation Society of America, Des Moines, Iowa, 
November, 1972, (Ankeny, Iowa, 1973).
®Land Use Planning Program—Progress Report, Robert F.
Wam bach; Chairman, Land Use Planning Committee, University of 
Montana School of Forestry, Missoula, Montana, March 9, 1973.
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The data being gathered and evaluated by ERTS project coordi­
nators and others w ill no doubt play a big role in the efforts of man 
to exert his w ill toward better land use planning and resource manage­
ment.
SOURCES CONSULTED
Books:
Murdock, William W ., Environment, Resources, Pollution and 
Society. Stamford: Semauer Associates Inc,, 1971.
McWhirter, Norris, Guinness Book of World Records. New York; 
Bantam Books, Inc., 1973.
66
67
Government Publications:
National Aeronautics and Space Administration, Data Users Handbook, 
NASA Earth Resources Technology Satellite, Doc. 71SD4249, 
Riverdale, Maryland: ERTS Liaison Office, General Electric 
Co., 1972.
National Aeronautics and Space Administration, 4th Annual Earth
Resources Program Review, Houston: NASA Manned Spacecraft 
Center, 1972.
U.S. Department of Agriculture, Soil Conservation Service Trip 
Report: USGS-EROS Facility, March 27, 1972.
U.S. Department of Commerce, Geological Survey, Circular 671-A 
Land-Use Classification System of Use With Remote-Sensor 
Data, Washington, D, C.: Government Printing Office, 1972.
U.S. Department of Commerce, National Technical Information 
Service, NTIS Information Services, Washington, D. C.: 
Government Printing Office, 1972.
U.S. Department of Interior, Geological Survey, The EROS Data
Center, Washington, D. C.: Government Printing Office, 1972.
68
Magazines;
Applegate, Karen, "Crop Report from 500 Miles Up," Farm Journal, 
August, 1972, p. 6.
Jones, Stuart E. and Johnson, Jay, Forest Fire: The Devil’s Picnic," 
National Geographic, July, 1968, pp. 100-126.
Weaver, Kenneth F ., "Remote Sensing, New Eyes to See the Old 
World," National Geographic, January, 1969, pp. 48 , 49.
69
Newspapers:
The MlssouUan, (Missoula, Montana), N ^s article: "Satellite 
Pictures of Montana—,” February 18, 1973.
The Sunday MissouUan, (Missoula, Montana), News article: "Sl^lab— 
All The Comforts of Home." May 6, 1973,
Wichita Falls Record News, (Wichita Falls, Texas), News article:
"New Era May Be Opened by Launch of Satellite," July 24, 1972
70
Other Works:
A Report to the President and to the Congress by the Public Land Law 
Review Commission, One Third of the Nation’s Land, Wayne N, 
Aspinall, Chairman, Washington, D.C.: Government Printing 
Office, 1970.
Gockowski, Jerome A ., Trip Report to William M. Johnson, Deputy 
Administrator for Soil Survey, Subj: USGS-EROS Facility, 
March 27, 1972.
Laboratory for Applications of Remote Sensing, Remote Sensing of 
Agriculture Earth Resources, and Man*s Environment, West 
Lafayette, Indiana,: Purdue University, 1971.
Lcind Use Planning Program—Progress Report, An Intercampus
Memorandum from Robert F. Wam bach. Chairman Land Use 
Planning Committee, University of Montana, School of Forestry, 
Missoula, Montana, March 9, 1973,
Mathews, H. L ., "Application of Multispectral Remote Sensing
to Soil Survey Research in Southeastern Pennsylvania," 
Unpublished paper presented before DIV S-5, Soil Science 
Society of America, New York, New York, August 17, 1971,
National Land Use Policy, Cbjectives, Components, Implementations, 
The Proceedings of a Special Conference Sponsored by The Soil 
Conservation Society of America, Des Moines, Iowa, November 
27-29, 1972.
Reese, Bob, Personal interview, February 20, 1973,
Shelton, Ronald L and Ernest E. Hardy, "Cornell Environmental 
Inventory and Planning Technique," Unpublished paper 
presented at the 37th Annual meeting of the American Society 
of Photogrammetry, Washington, D, C ,, 1971,
"Space," The World Book Encyclopedia, 1970 Vol. XVII.
71
Personal Letters:
Bently, Gordon, personal letter, February 12, 1973. 
Branton, C. Ivan, personal letter, January 9, 1973. 
Davis, James P., personal letter, January 18, 1973. 
Erb, R. Bryan, personal letter, November 6, 1972. 
Hardy, Ernest E ., personal letter, January 17, 1973. 
Mokma, Delbert L ., personal letter, February 1, 1973. 
Pendleton, Don., personal letter, November 28, 1972. 
Polcyn, Fabian C ., personal letter, February 1, 1973. 
Prestin, Steven J ., personal letter, February 12, 1973. 
Von Steen, Donald H., personal letter, January 19, 1973
APPENDIX
Page
A. Remote Sensing Agriculture Applications 74
B. Remote Sensing Forestry Applications 82
C. Remote Sensing Range Land Applications 88
D. Bill Stockton, "New Era May Be Opened 
by Launch of Satellite," Wichita Falls,
TexcLS, Record News, July 24, 1972,
Sec. B, p. 4B. 94
E. Karen Applegate, "Crop Report from
500 Miles Up," Farm Journal, August 1972 95
F. John W. Rouse, Jr. and Stephen Riter,
ERTS Experiments; A Summa ry in the 
Disciplines of Agriculture and Forestry,
Texas A & M University, College Station,
Texas, 1973. 96
G. James F. Davis, personal letter. 111
H. Donald H. Von Steen, personal letter. 112
I. C. Ivan Branton, personal letter. 113
J. Noel Larrivee, "Satellite Pictures of
Montana—," MissouUan, Missoula,
Montana, February 18, 1973. 114
K. Fabian C. Polcyn, personal letter. 115
L. Kenneth E. Grant, SCS and Remote Sensing,
U.S. Department of Agriculture, Soil 
Conservation Service, Washington, D. C.
Advisory INTRA-15, May 26, 1972. 116
72
73
M. Delbert L. Mokma, personal letter. 120
N. U.S. Department of Agriculture, Soil
Conservation Service, Abstracts of 
Recent Work on Soil Studies by Remote
Sensing, 1973. 122
O. Gordon Bentley, personal letter 126
p. Don Pendleton, personal letter 127
Q. Steven J . Prestin, personal letter 128
R. Ernest E. Hardy, personal letter 129
S. R. Bryan Erb, personal letter 130
T. William H. Spealman, Report of Meeting
on Remote Sensing, NASA and SCS,
Hyattsville, Md., March 21, 1973. 132
U, U.S. Department of Commerce, NASA
Earth Resources Survey Program
Weekly Abstracts, January 29, 1973. 135
V. NASA, Earth Resource Technology Satellite,
Data Users Handbook, Table of Contents,
November 17, 1972. 136
W. Howard Benedict, "Skylab—All the
Comforts of Home," The Sunday MissouUan,
Missoula, Montana, May 6, 1973. 139
74
Appendix A
ARrlcultural Applications
Estimates of annual gross benefits of remote sensing to agricul^ 
ture, based on value of savings and/or Improvements.
N * no source of estimate available 
P = based on project staff Judgment
H = supported by published information or from experts 
In the field.
* = no estimate of savings or improvements attempted.
The values estimated are based on anticipated savings and/or 
Improvements. They were established on a unit basis, and then 
multiplied to represent the sum of all units within the Industry 
World benefits, when claimed, were generally calculated on the 
basis of values assigned for the U.S., with the unit value of 
benefits reduced.
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Disaster Applications
Source
of Interested
Esti- USDA Annual U.S. Annual World
mates Agency Benefits Benefits
(Millions of Dollars)
1. Flood control plan 
ning
2. Flood damage eval­
uation
3. Evaluation of storm P
damages
4. Drought prediction sys- P
terns
5. Air pollution control H
6. Epidemic analysis and P&H
mapping
7. Control of wildlife P
habitat
8. Weed control H
9. Famine control P
10. Disease damage assess- H
ment & control
11. Insect damage assess- H
ment & control
12. Evaluation of damage H
to ornamentals
13. Water pollution control N
14. Identification of peri- N
meter areas of nematode 
infections
15. Survey of damage from
wildlife browse N
16. Census of non-crop weed H
areas
17. Conservation needs in­
ventory H
18 . Disaster warning H
SCS
ERS
SCS
ASCS
PCIC
ASCS
PCIC
ARS
ARS
ARS
ARS
CGC
ARS
ARS
ARS
ARS
ARS
ARS
SCS
30
200
500
500
10
885
56
1,659
2,000
400
»
ft
ft
50
«
200
120
600
1 , 0 0 0
1 .500
ft
2 , 4 0 0
ft
4 . 0 0 0
6.000
600
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Resource 
Evaluation Applications
Source
of
Esti­
mates
Interested
USDA
Ag;ency
Annual U.S. Annual World
Benefits Benefits
(Millions of Dollars)
1 9. Soil mapping (Ira- H 
provements)
20. Soil mapping (sav- H 
Ings)
21. Analysis of soil H 
deficiencies
22. Resource evaluation H
2 3. Recreation resource ana- N 
lysis and development
2̂ . Watershed planning and H 
control
2 5. Evaluation of applica­
tions of new technology P
2 6. Topographic studies N
2 7. Detailed plane leveling P 
for Intensive cropping
2 8. Erosion hazard analysis H
2 9. Irrigation needs Inven- P 
tory
3 0. Plant ecology analysis N
3 1. Detection of salinity & P 
other special soil fea­
tures
3 2. Seasonality studies of N 
growth rates
3 3. Recreation site evalu - P 
atlon
3̂ . Surveillance of algae H 
and aquatic weed plant 
growth
3 5. Bird cover and habitat P 
analysis
SCS
SCS
SCS
SCS
ERS
SCS
SCS
ERS
SCS
SCS
ERS
SCS
ARS
SCS
ARS
SCS
ARS
ARS
863
10
125
4
*
10
«
125
500
250
*
100
10
15
100
5,000
30
375
«
«
*
*
1 .000
«
«
300
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Resource Evaluation 
Applications (Cent.)
Source
of
Esti­
mates
Interested
USDA
Agency
Annual U.S. 
Benefits
Annual Worl4 
Benefits
(Millions of Dollars)
3 6. Detection of areas of P
unusual plant growth
37. Water Impoundment H
area studies
3 8. Runoff and seepage H
analysis
3 9. Sedimentation studies H
40. Water quality evaluation N
41. Climatic analysis N
42. Agricultural geography N
4 3. Crop inventories N
44. Census applications H
4 5. Drainage planning H
46. Calculation of discharge P
capacity of valleys
ARS
SCS
SCS
SCS
ARS
SRS
SRS
SCS
SCS
100
5
500
1
*
 ̂ «
*
1
2
10
500
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Agricultural
Policy Applications
Source
of
Esti­
mates
Interested
USDA Annual U.S. Annual Worlj 
Agency Benefits Benefits
(Millions of Dollars)
4 7. Land classification H
48. Land cover mapping H
4 9. Tax assessment mapping H
5 0. Ownership mapping (see 
plat mapping)
5 1. Nuisance mapping N
5 2. Compliance control H
mapping
5 3. Regional planning and H
development
5 4. Sequential urban agrl • P
cultural contact anal­
ysis
5 5. Watershed development H
studies
5 6. Agricultural -Soclo- H
logical applications
5 7. Rural & suburban zoning P
5 8. Rural area development H
5 9. Land use comparison and H
trends
6 0. Market needs surveys N
6 1. Plat mapping H
6 2. Population density maps N
6 3. Adjudication N
64. Highway route planning P
6 5. Mapping world agrlcul- P
tural land area
ERS
ASCS
ERS
ERS
ERS
ERS
ERS
•RCDS
ERS
C&MS
DIG
PAS
12
14
82
«
13
2
2
10
2
5 
1
6
150
%
K
1
40
»
«
ft
ft
ft
300
ft
ft
ft
ft
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Agricultural
Management Applications
Source
of
Esti­
mates
Interested
USDA
Agency
Annual U.S. Annual Worl^
Benefits Benefits
(Millions of Dollars)"
6 6 .
67.
6 8 .
69.
70.
71.
72.
73.
74.
75.
76.
77
78
79
80
81
82
83
Crop prediction and P
Inventory
Analysis of planting 
dates H
Harvest production in- H 
formation
Transpiration analysis P
Site classifications P
Predetermination of H
irrigation requirements
Control of transporta- H 
tlon of irrigation water
Capital needs mapping P
Field patterns and organ N 
izations analysis
Water supply location P
Farm practices analysis P
Commercial farm field P 
layout
Tree crop area census P
Intensive localized uses P 
(egg counts, livestock 
disease Identification, etc.)
Water-borne and water re-P 
lated Insect control
Large area landscape N 
planning
SRS
ARS
SRS
ARS
SCS
ARS
SCS
ERS
SCS
ERS
SCS
SRS
ARS
ARS
10
1.190
890
10
*
50
5
180
ft
200
50
3.000
3,000
ft
ft
ft
ft
500
ft
ft
Domestic animal census
Farm building layout 
studies
SRS
125
ft
400
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Agricultural Management
Applications (Cent.)
Source
of Interested .Esti- V USDA Annual U.S. Annual Vforltf 
mates Agency Benefits Benefits --- —  (Millions of Dollars)
8Z(.
85.
86 .
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
Census of land im­
provements
Location of structural 
materials
Mechanization feasi­
bility studies
Rural road maintenance
Locating disease and 
insect resistant species
50
Controlling spread of N 
noxious plants
Prediction for pro- H
cessing industry
Forecasting climatic P 
changes
Reduction of losses from H 
misuse of insecticides, 
fungicides, etc.
Detecting heat in stor.? N 
age
Inventory of grain N
storage
Livestock disease iden- H 
tlfication
Predetermination of egg N 
hatch-ability
Prevention of marketing N 
losses of agricultural 
products
Reduction of soil ero- H 
Sion losses from water 
and wind
Evapotranspiration con- N 
trol
ARS
ARS
SRS
CCC
ARS
C&MS
SCS
ARS
140
*
375
100
35
750
400
500 
■ «
300
3,000
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Agricultural Management
Applications (Cent.)
Source
of Interested 
Esti- USDA Annual U.S. Annual V’orld 
mates Agency Denefits Benefits
(Millions of Dollars)
100. Off-shore temperature 
measurements
101. Scheduling field crop 
storage & processing
160
Miscellaneous Applications 
In Agriculture___________
102. Rural roads— MrInten- H
ance & construction
103. Educational uses of N
remote sensing
10k. Operation of World N
Food Budget
105. Integrated transpor- N
tatIon systems In 
developing agricultural 
economies
106. Recording agricultural N
history
107. Planning cultural de- N
velopment projects
108. Sample design P
109. Publication uses N
110. Plant species explor- N
atlon
111. Development of aquatic N
agriculture
112. Weather prediction and N
modification
15,000
ERS
IADS
SRS
SCS
ARS
ARS
SCS
10
«
«
11 Veterinary research—
based on heat sensors
11 Selective breeding of
stock
N ARS
ARS
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Appendix B
Forestry Applications
Estimates of Annual gross benefits of remote sensing to fores­
try based on value of savings and/or Improvements.
N « no source of estimate available.
P * based on project staff Judgment,
H « supported by published Information or from experts 
In the field.
• *s no estimate of savings or Improvements attempted.
The values estimated are based on anticipated savings and/or 
Improvements. They were established on a unit basis, and then 
multiplied to represent the sum of all units within the Industry, 
World benefits, when claimed, were generally calculated on the 
basis of values assigned for the U.S., with the unit value of 
benefits reduced.
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Forestry
Policy Applications
Source
of
Esti­
mates
Interested
USDA
Agency
Annual U.S. Annual Worli
Benefits Benefits
(Millions of Dollarsr
1. Assembly of hlstor- N PS
leal records
2. Water pollution con- P PS,SCS
trol— related to for- ARS
estry
3. Forest areas evaluation P PS
— for purchase, exchange,
etc.
4. Transportation planning N PS
5. Cadastral applications H PS
6. Evaluating soclologl- N ERS
cal aspects of econ­
omic development
7. Wildlife management N PS,SCS
8. Watershed analysis and P PS,SCS
control programs
9. Ownership mapping N PS
10. Tax mapping and evalu- H PS
atlon
11. Evaluation of change P PS,ERS
In land use
12. Mapping forest areas N PS
13. Compliance Investlga- H PS
tlon and control
10
Forest
Resource Applications
14. Forest land use survey P PS,ERS
15. Forest soil survey H PS,SCS
16. Forest inventory H PS
7
98
9
98
300
125
84
Forest Resource
A pplications (Cont.)
Source
of
Esti­
mates
Interested
USDA
Agency
Annual U.S. Annual WorU
B en ef i ts  B e n e f i ts
(M il l io n s  o f  D o llar s)
17. Recreational resource N 
evaluation
1 8. Forest site classlfl- H 
cation
1 9. Forest mensuration N
20. Forest ecology class- N
Ifloatlon
21. Fish habitat classl- H
flcatlon
22. Fish Inventory N
2 3. Heat classification of P
plantation sites
24. Stream pollution anal- P
ysls
2 5. Snow depth measurement 
(Included In agriculture)
2 6. Studies of near-tundra N
areas
2 7. Valley discharge anal- H
ysls
2 8. River basin planning H
2 9. Scenic area evaluation N
3 0. Planning vegetative P
types for game production
3 1. Documentation of climate N
3 2. Offshore temperature N
analysis
3 3. Mapping mineral-deflc - N
lent & toxic areas
3 4. Land use Inventory H
PS,ERS
FS
FS
PS
FS,SCS
FS,SCS
FS
FS,SCS
ARS
FS,SCS
PS,SCS
PS,SCS 
PS,ERS 
PS
FS,ARS
FS
FS,ARS
FS,ERS
10
«
*
300
*
20
150
«
*
50
_ *  
. f t
39
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Forest Management
A pplications______
Source
of Interested
Esti- USDA Annual U.S. Annual Worlo
mates Agency Benefits Benefits
(M lliions of Dollars)
35.
36.
37.
38.
39. 
Mo.
Ml.
M2.
M3.
MM.
M5.
M6.
M7.
M8.
M9.
50.
51.
52.
Forest cover mapping H
Site evaluation for H
reforestation
Accessibility rating P
Delineation of dlsas- F 
ter-prone areas
Topographic evaluation P
Engineering aspects—  P 
roads, mill sites, etc.
Inventory of disease H 
and Insect damage
Control of harvest op- P 
eratlons
Location and design of P 
tree windbreaks
Recording mist levels N
Mist level as Indicator N 
for spray programs
Measurement of recrea • N 
tlonal use
Stream flow control N
Locating desirable seed N 
sources
Inventorying harvest of P 
specialty products
Location of recrea­
tional use sites
N
Maximization of recrea- N 
tlonal use
Location of major dis- N 
turbance uses, such as 
pipe lines
PS,ERS 
PS
PS
PS
PS
PS
FS
ARS
PS
PS
PS,ARS
PS
ERS
PS
ERS
PS
PS
ARS
PS,ERS 
CMS
PS
ERS
PS
ERS
PS
3
6
«
20
2
«
150
10
*
*
39
ft
ft
ft
ft
ft
2 ,0 0 0
100
ft
ft
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Forest Disaster
Applications
Source
of
Esti­
mates
Interested
USDA
Agency
Annual U.S. Annual World
Benefits Benefits
(Millions of Dollars)
53. Fire detection H
5 4. Inventorying fire H
damaged areas
5 5. Studying patterns & N
forms of fires
5 6. Directing fire con- N
trol work
5 7. Tracking thunderstorms 
(covered under fire de­
tection)
5 8. Evaluation of combus- N
tion levels (predeter­
mination of fire hazard)
5 9. Location and evalu- H
atlon of Insect damaged 
areas
6 0. Location and evalu- P
tlon of erosion areas
6 1. Evaluation of storm P
damage
6 2. Disease detection, sal- H 
vage and control
6 3. Air pollution damage H
evaluation and control
64. Location and evalu- N
ation of wildlife browse
6 5. Analysis of areas of P
specialized control
66. Location and évalua- P
tlon of parasitic
plants
6 7. Delineation of sites H
for restocking
PS
FS
PS
PS
PS
PS
PS
PS
SCS
PS
PS
PS
ARS
PS
PS
PS
PS
120
39
60
50
50
20
14
1
28
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Forest Disaster 
Applications (Cont.)
Source 
of 
Esti- 
' mates
Interested
USDA
Ac;ency
Annual U.S. Annual World 
Benefits Benefits
(Millions of Dollars)
6 8 .
69.
70.
71.
Studying relation­
ships between forest 
areas & climate
Detection of diseases 
and insects at crit­
ical points
Monitoring volcanic 
activity
N
Search & rescue oper­
ations
FS
PS
FS
88
Appendix C
Range Land Applications
Estimates of annual gross benefits of remote sensing to range 
land, based on value of savings and/or improvements.
N = no source of estimate available.
P = based on project staff judgment.
H = supported by published Information or from experts 
in the field,
* = no estimate of savings or Improvements attempted.
The values estimated are based on anticipated savings and/or 
lnq)rovements. They were established on a unit basis, and then 
multiplied to represent the sum of all units within the In­
dustry. World benefits, when claimed, were generally cal­
culated on the basis of values assigned for the U.S., with the 
unit value of benefits reduced.
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Range
Resource Applications
Source
of Interested 
Esti- USDA Annual U.S. Annual Wor3d 
mates Agency Benefits Benefits
(Millions of Dollars)
1. Range land classifi- H
cation
2. Area inventory H
3.
4.
5.
6 .
7.
8.
9.
1 0 .
11.
1 2 .
13.
14.
15.
16.
17.
18. 
19.
Locating irrigable areas H
H 
H
Running inventory of range
Livestock inventory
Delineating crop N
production areas
Monitoring shifts in N
land use
Reconnaissance soil 
surveys H
Soil classification H
Soil salinity analysis P
Estimating range carry- H
ing capacity
Analysis of soil moisture N 
conditions
Compliance control H
Providing census N
information
Providing hydrologie N
information
Range resource inventory P
Conservation needs N
Inventory
Plat mapping of ranches N
Boundary identification P
SCS,PS
SCS,PS 
ASCS
SCS
SCS,PS 
SCS,PS 
SCS,PS
ERS,PS 
SCS
SCS
SCS
SCS
PS, SCS 
SCS
ASCS,PS 
SRS
PS,SCS
ERS,PS 
SCS
SCS
ERS
8
25
1 ,500
4
130
*
15
220
10
500
10
40
250
1 0 , 0 0 0
40
1 , 0 0 0
*
150
25,000
100
5,000
100
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Range Resource
Applications (Cont.)
Source
of Interested
Esti- USDA Annual U.S. Annual WorW
mates Agency Benefits Benefits
(Millions of Dollars
20. Mapping global range H --
areas
21. Estimating ultimate H SCS,PS
yield potential
22. Determination of trend P SCS,PS
In condition
23. Improving weather P --
forecasting
24. Wildlife Inventory H PS,SCS
2 5. Mapping areas of P SCS
mineral Imbalance
2 6. Mapping vegetative N --
zones
2 7. Mapping cover and P PS
condition
2 8. Identifying areas of high N ERS
response to Inputs
2 9. Evaluating tundra range H
3 0. Identifying areas of high N ARS
oxygen consumption
31. Monitoring soil moisture N ARS,SCS
utilization
3 2. Monitoring feedlot and N CMS
marketing activities
3 3. Assessing plant pop- P ARS
ulatlon changes ^
3 4. Classifying the ecology N ARS,SCS
of plant populations
3 5. Wildlife habitat P PS,SCS
studies ASCS
3 6. Quantitative and quail- N SCS
tatlve Improvement of
water supplies
10
20
75
10
50
100
200
ft
ft
' 300
ft
50
250
Range Resource
Applications (Cont.)
91 -Source
of Interested 
Esti- USDA Annual U.S. Annual World 
mates Agency Benefits Benefits
(Millions of Dollars)
37. Mapping blomes
Range Land Hazards
3 8. Locating and mapping P ASCS
disaster areas
3 9. Locating and control- H ARS,PS
Ing Insect epidemics
40. Detecting diseased H , ARS
livestock
41. Locating and control- H ARS,PS
Ing plant diseases
42. Pire control N PS
4 3. ControlIng noxious P ARS
plants
44. Rodent and predator N ARS
control
4 5. Weather modification P --
46. Locating and monitor- N ARS
Ing air pollution
50
160
90
23
*
4
1 ,0 0 0
«
250
800
500
120
*
40
1 0 , 0 0 0
*
Range Management 
Applications
4 7. Locating temporary 
grazing areas
48. Selecting wintering 
areas
4 9. Detecting loss of 
crop vigor
5 0. Planning physical set­
ting of ranch facilities
PS,SCS 
PS,SCS 
PS,SCS 
PS,SCS
110
55
55
350
1 ,0 0 0
92
Source
of Interested
Range Management Esti- USDA Annual U.S. Annual World
Applications (Cont.) mates Agency Benefits Benefits
(Millions of Dollars)
5 1. Grazing cover enhance- P SCS 300 1,500
ment
5 2. Overgrazing and compac- N SCS * *
tion
53. Management of range P ---  50 250
stock movement
5 4. Integrated pasture use N   * *
and development pro­
grams
5 5. Determining land traf- N   * •
ficabllity for range
use
5 6. Stock handling and N   • 500
transportation develop­
ment
5 7. Assessing maintenance H   4 *
needs of facilities
5 8. Evaluating compatability N SCS,PS • *
of stock to range
5 9. Locating special use P SCS,PS 10 *
areas
6 0. Plnanclal reliability N ERS • •
mapping
6 1. Measuring of light N ARS • *
intensity (ecology)
6 2. Wildlife research N PS,SCS • *
6 3. Analysis of sand (and N   • *
surface) movement
Policy Applications
64. Land use Inventory P ERS 6 50
6 5. Planning P All 2 10
93
Range Policy 
Applications (Cent,)
Source
of Interested 
Esti- USDA Annual U.S. Annual Wor]« 
mates Agency Benefits Benefits
(Millions of Dollars y
66. Analysis of range N FS,SCS
development potential
67. Tax base mapping H
68. Legal aspects - adjudi- N PS,DIG
cation, etc.
6 9. Economic classification H ERS
7 0. Irrigation resource H SCS
analysis—
7 1. Utility planning and P REA
development
«
«
ft
ft
10
Miscellaneous Applications
7 2. Identification of 
narcotic plants
ARS
94
Appendix
N e w  E m  B é ' U p ë n e d
B y  I x
J { y  I5! L K  S T O C K T O N  
A P  S c i e n c e  W r i t e r
L O M P O C ,  C a l i l .  ( A P )  -  T h e  
U n i t e d  S t a t e s  E K T S  S p a c e c r a f t ,  
n e s t l e d  i n  t h e  n o s e  c o n e  o f  a  
D e l t a  r o c k e t ,  t l i u i i d e r e d  i n t o  
s p a c e  S u n d a y ,  o p e n i n g  w h a t  
s c i e n c e  h o p e s  w i l l  b e  a  n o w  e r a  
i n  m a n ’s  s u r v c i l a n c e  o f  h i s  
p l a n e t ’s  d w i n d l i n g  n a t u r a l  r e ­
s o u r c e s .
H i d i n g  o n  a  p l u m e  n [  b r i l l i a n t  
o r a n g e  f l a m e ,  t h e  107- f o o t ,  225, -  
000 p o u n d r o c k e t  r o a r e d  a l o f t  a t  
11:06 a . m .  P D T —12 m i n u t e s  
l a t e — f r o m  a  l a u n c n  p a d  b e s i d e  
t h e  P a c i f i c  O c e a n  a t  V a n -  
d e n b e r g  A i r  F o r c e  f i a s o  h e r e .
T h e  w h i t e  r o c k e t ,  b e l l o w i n g  
g r e a t  c l o u d s  o f  s m o k e ,  r o s e   ̂
f e w  f e e t  f i D r n  t h e  l a u n c h  p a d ,  
h o v e r e d  m o m e n t a r i l y  a s  t h e  e n ­
g i n e s  r e a c h e d  f u l l  t h r u s t ,  t h e n  
c l i m b e d  r a p i d l y ,  . d i s a p p e a r i n g  
10 s e c o n d s  l a t e r  t h r o u g h  a  t h i c k  
o v e r c a s t  800 f e e t  a b o v e  t h e  
g r o u n d .
T h e  o r i g i n a l  c o u n t d o w i  w a s  
h a l t e d  w h e n  a  f a u l t y  t e m p e r a ­
t u r e  r e a d i n g  w a s  n o t e d  i n  t h e  
D e l l a  r o c k e t ’ s  t h i r d  s t a g e .  T h e  
p r o b l e m  w a s  c o r r e c t e d  a n d  t h e  
c o u n t d o w n  r e s u m e d .
T h e  }176 m i l l i o n  s p a c e c r a f t  
w a s  d e s t i n e d  f o r  a  c i r c u l a r ,  
n e a r l y  p o l a r  o r b i t  507 m i l e s  
a b o v e  t h e  e a r t h .  F r o m  t h e r e ,  a  
t r i o  o f  t e l e v i s i o n  c a m e r a s  a n d  a  
r a d i a t i o n  t e s t i n g  d e v i c e  w e r e  t o  
b e g i n  a  h i s t o r i c  m o n i t o r i n g  o f  
e a r t h ’ s  s u r f a c e .
N a t i o n a l  A e r o n a u t i c s  a n d  
S p a c e  A d m i n i s t r a t i o n  o f f i c i a l s  
h a v e  c a l l e d  E R T S ,  s h o r t  f o r  
E a r t h  R e s o u r c e s  T e c h n o l o g y  
S a t e l l i t e ,  t h e  m o s t  i m p o r t a n t  j 
e a r t h  s a t e l l i t e  e v e r  l a u n c h e d .  i
S c i e n t i s t s  h o p e  t h e  s p a c e c r a f t !  
w i l l  g i v e  t h e m  f o r  t h e  f i r s t  t i m e  
t h e  c a p a b i l i t y  t o  m o n i t o r  o n  a  
g l o b a l  s c a l e  .  s i i t  h  t h i n g s  a s  
c r o p s ,  w a t e r  s u p p l i e s ,  f o r e s t  
a n d  e v e n  s c h o o l s  o f  f i s h .  T h e y  
h o p e  E R T S  w i l l  f i n d  o i l  a n d  
m i n e r a l  d e p o s i t s ,  b r i n g  b e t t e r  
l a n d  u s e  a n d  m a p  g e o l o g i c a l  
f e a t u r e s .
F o u r  m i n u t e s  a f t e r  t h e  f i e r y  
l i f t o f f  t h e  D e l t a  f i r s t  s t a g e  e n ­
g i n e s  d r o p p e d  o f f  a n d  t h e  f i r s t  
s t a g e  s e p a r a t e d  a n d  f e l l  a w a y .  
T h e  s e c o n d  s t a g e  e n g i n e  i g n i t e d  
f o r  a  f i v e - m i n u t e  b u r n  t h a t  
h u r l e d  t h e  s p a c e c r a f t  i n t o  a  
s l l g h l l y  e g g - s h a p e d  m r b i l  a b o v e  
t h e  n o r t h  a n d  . s o u t h  j i o l e s .
F i n a l l y  a t  12:03 p . m .  t h e  s e c ­
o n d  s t a g e  e n g i n e  w a s  t o  r e s t a r t
f o r  a  c r i t i c a l  11 s e c o n d  b u r n  t o  
p u t  E R T S  i n  c i r c u l a r  o r b i t .
S i n c e  t h e  f i r s t  s a t e l l i t e s  r o c k ­
e t e d  i n t o  s p a c e  15 y e a r s  a g o ,  
s c i e n t i s t s  h a v e  d r e a m e d  o f  o r ­
b i t i n g  i n s t r u m e n t s  t o  m o n i t o r  
e a r t h  o n  a  g l o b a l  s c a l e ,  h e l p i n g  
m a n  m o r e  w i s e l y  m a n a g e  n a t u ­
r a l  r e s o u r c e s  l i k e  c r o p s ,  f o r ­
e s t s ,  w a t e r  s u p p l i e s  a n d  f i s h ­
e r i e s .
T h e  s a m e  i n s t r u m e n t s ,  i t  w a s  
r e a l i z e d ,  a l s o  c o u l d  h e l p  i m ­
p r o v e  m a p s ,  a i d  g e o l o g y  s t u d ­
i e s  a n d  s p o t  p o l l u t i o n  a n d  l a n d  
u s e  c h a n g e s .
V i e w i n g  e a r t h  f r o m  t l i c  d i s ­
p a s s i o n a t e  d i s t a n c e  o f  s p a c e ,  
t h e  e x p e r t s  h a v e  f o u n d ,  g i v e s  a  
n e w  p e r s p e c t i v e  o n  t h e  p l a n e t ’ s  
s u r f a c e .
'T h e  A p o l l o  9 a s t r o n a u t s  o r b i t ­
i n g  e a r t h  i n  1969 p a v e d  t h e  w a y  
f o r  E R T S  w i t h  f o u r  c a m e r a s  
m o u n t e d  o n  t h e i r  s p a c e c r a f t  
h a t c h .  T h e  c a m e r a s  t o o k  p i c  
t u r e s  o f  t h e  g r o u n d  I f l ü  m i l e s  
b e l o w  u s i n g  c o l o r e d  f i l t e r s  s i m ?  
i l a r  t o  t h o s e  a b o a r d  E R T S .  S c i ­
e n t i s t s  u s e d  t h e  p h o t o g r a p h s  t o  
p e r f e c t  t h e  d a t a - h a n d l i n g  t e c h ­
n i q u e s  t h e y  p l a n  f o r  E R T S  
d a t a ,  w h i c h  i s  e x p e c t e d  t o  b e  
r e c e i v e d  f o r  a t  l e a s t  a  y e a r  
f r o m  t h e  b u t t e r f l y - s h a p e d  
s p a c e c r a f t .
A b o a r d  E R T S  a r e  t h r e e  t e l e  
v i s i o n  c a m e r a s  e q u i p p e d  w i t h  
c o l o r e d  f i l t e r s  a n d  a  r a d i a t i o n  
s c a n n i n g  d e v i c e .  T h e  t e l e v i s i o n  
c a m e r a s  w i l l  t a k e  p i c t u r e s  i n  
t h e  b l u e - g r e e n ,  r e d  a n d  n e a r - i n  
f r a r e d  b a n d s .  T h e  r a d i a t i o n
s c a n n e r  w i l l  m a k e  m e a s u n -  
m e n t s  i n  v i s i b l e  g r e e n  a n d  r e d  
a n d  t w o  i n f r a r e d  b a n d s .
D a r i n g  p a s s e s  o v e r  t h e  N o r t h  
A m e r i c a n  c o n t i n e n t ,  d a t a  w i l l  
b e  r e l a y e d  d i r e c t l y  t o  r e c e i v i n g  
s t a t i o n s  a t  F a i r b a n k s ,  A l a s k a ,  
G o l d s t o n c ,  C a l i f ,  a n d  G r e e n b e l t ,  
M d .  E l s e w h e r e ,  d a t a  w i l l  b e  
s t o r e d  i n  a  t a p e  r e c o r d e r .
A t  G r e e n b e l t ,  c o m p u t e r s  w i l l  
c o n v e r t  t h e  d a t a  t o  p h o t o g r a p h ­
i c  i m a g e s  w h i c h  s c i e n t i s t s  h a v e  
l e a r n e d  t o  o v e r l a y  t o  e x t r a c t  a s  
m u c h  i n f o r m a t i o n  a s  p o s s i b l e  
f r o m  a  s p a c e c r a f t  p a s s .
A g r i c u l t u r i s t s  h o p e  t o  g l e a n  
i n f o r m a t i o n  a b o u t  I r r i g a t i o n  
a n d  l a n d  u s e  p l a n n i n g ,  r a n g e  
m a n a g e m e n t  a n d  c r o p  d i s e a s e s .
G e o l o g i s t s  h o p e  t o  s t u d y  g l a ­
c i e r s  a n d  v o l c a n o e s ,  s p o t  e a r t h ­
q u a k e  f a u l t  s y s t e m s  a n d  i d e n t i ­
f y  l a n d  f o r m a t i o n s  t h a t  m i g h t  
h i d e  o i l  a n d  m i n e r a l  d e p o s i t s .
W a t e r  r e s o u r c e s  e x p e r t s  w a n t  
t o  i n v e n t o r y  s u r f a c e  w a t e r  i n  
l a k e s  a n d  r i v e r s ,  m e a s u r e  s n o \ v  
l e v e l s ,  p r e d i c t  f l o o d s  a n d  p i n ­
p o i n t  p o l l u t i o n  p r o b l e m s .
L i k e w i s e ,  o c e a n g r a p h e r s  
h o p e  E R T S  w i l l  s p o t  d e v e l o p i n g  
c o a s t a l  p o l l u t i o n  p r o b l e m s  a s  
w e l l  a s  c h a r t  s h o r e l i n e  
c h a n g e s ,  w a r n  o f  i c e b e r g s ,  l o ­
c a t e  s c h o o l s  o f  f i s h  a n d  n i e a s - , 
u r e  o c e a n  c u i r o n t  b e h a v i o r .
N A S A  o f f i c i a l s  r e p o r t e d  t h a t  
30 c o u n t r i e s  n o w  h a v e  p l a n s  t o  
u s e  E R T S  d a t a  a n d  t h a t  a l m o s t  
300 s c i e n t i s t s  w a n t  t o  u s e  t h e  
i n f o r m a t i o n  i n  s t u d i e s  o f  o n e  
k f n d  o r  a n o t h e r .
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Aopendtx E
H 't «n orbiting 
crop reporttr. This sat- 
(olMto will also record 
what's happening to 
our natural resources 
and pollution levels
*A U 4  JO U tN A l 
Augu« 1ST*
Crop 
report 
from 
500 miles 
UP
■  Later thh summer a big "eye" 
in the sky w ill photograph and 
"seose”  your farm every 18 days 
from 560 miles in space. The pho­
tos may become more valuable to 
you than daily weather and market 
reports on (be radio.
The eye is the hrst Earth 
Resources Technology Satellite 
(ERTS-A), scheduled fo r launch­
ing in August by the National 
Aeronautics and Space Adminis­
tration. I t  w ill Carry T V  cameras 
and sophisticated sensors that re­
cord light waves reflected from 
earth. The satellite’s orbit w ill cover 
virtually the entire world.
Scientists hope the pictures and 
sensing data can be used to measure 
crop acreages, predict yields, spot 
insect and disease infestations, and 
check soil moisture conditions.
The project Is experimental, but 
the satellite idea could provide 
fast, accurate crop reports, not only 
for U S. crops but also for crops 
in other countries, That informa­
tion could help U.S. farmers make 
acreage adjustments in  producing 
crops fo r world markets.
C. L. Wicgand, USDA-ARS soil 
scientist at Weslaco, Tex., compares 
ERTS to the weather satellite of 
10 years ago. "Now the Weather 
Bureau wouldn’t think o f making 
forecasts without satellite data," he 
says.
Wiegand w ill try to measure 
acreage of five crops— cotton, cit­
rus, carrots, cabbage and onions—  
for comparison with already estab­
lished estimates. "We know from
A
Aam , NASA
experiments conducted on the 
Apollo 9 spacecraft that each type 
o f plant refiects light waves in a 
unique pattern," he explains.
Yield studies w ill concentrate on 
com, milo, alfalfa and wheat. V. I. 
Meyers, director o f the remote 
sensing institute in South Dakota, 
w ill try to rate crops fo r yield 
based on information from ERTS.
"We’re trying to remove the hu­
man error from yield predictions 
as much as possible.’’ he explains.
One satellite study deals with 
early detection of insect pests. 
W. G. Hart, USDA-ARS entomolo­
gist at Weslaco, Tex., w ill start by 
studying the movement pattern of 
the citrus black fly.
D. W. Fryrear, ARS ag engineer 
at Big Springs, Tex., w ill study 
ERTS pictures o f  wind erosion.
You'll even be able to buy pic­
tures that cover your farm, for 
about $2, when the Interior De­
partment establishes a distributiori 
center In Sioux Falls, S.D., but 
don’t inquire yet.
So far, scientists see only two 
problems with this year’s tests: The 
satellite can’t see through clouds. 
And the cameras cover such a wide 
field o f view— 10,000 square miles 
per frame— that it  could be diffi­
cult to draw specific information 
from small acreages.
But if  all goes well, sometime 
next year a second satellite w ill go 
up. That one w ill be a manned 
Skylab with improved cameras and 
equipment. IWREN APPLEGATE
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Appendix F
ERTS EXPERIMENTS
com piled by
John W. Rouse, J r . and Stephen R itcr  
Texas A&M U n iv ersity  
C ollege  S ta t io n , Texas 77843
This c o l le c t io n  o f  summaries o f  ERTS experim ents 
vas compiled by asking each P r in c ip a l In v e stig a to r  to  
prepare the en try  fo r  h is  own experim ent. Because o f  
tim e c o n s tr a in ts  I t  was not p o s s ib le  to  obtain  
summaries of a l l  experim ents, however, we endeavoured 
to  Insure th a t a l l  major programs In the c o n tin en ta l 
United S ta te s  were Included. The summaries were then 
grouped according to  d is c ip l in e  and arranged in  
a lp h a b e tic a l ord er. The d i s c ip l in e s  are:
I .  AGRICULTURE/FORESTRY 
I I .  ENVIRONMENTAL QUALITY/ECOLOGY 
I I I .  CARTOGRAPHY/GEOGRAPHY/DEMOGRAPHY 
IV. GEOLOGY 
V. -HYDROLOGY/WATER RESOURCES 
VI. INTERPRETIVE TECHNIQUES DEVELOPMENT 
V II. METEOROLOGY 
V III . OCEANOGRAPHY
IX. SENSOR TECHNOLOGY 
Since many o f  th ese  experim ents are tru ly  in t e r ­
d is c ip l in a r y ,  the d is c ip l in e  assignm ent i s  In some 
ca se s  a r b itr a r y . The t i t l e s  and names o f p r in c ip a l  
I n v e stig a to r s  fo r  experim ents fo r  which no summary was 
a v a ila b le  were grouped w ith  th e ir  apparent d is c ip l in e .
The l i s t  o f  experim ents was provided by the  
N ation a l A eronautics and Space A dm inistration  (NASA) 
and Included a l l  approved ERTS p r o je c ts  as o f Ju ly  
1972. R elease o f  th is  l i s t  by NASA was fo r  inform a­
tio n  purposes on ly 'and  in  no way im p lies  o f f i c i a l  
endorsement o f  th is- S p ec ia l I ss u e . S in ce ERTS I s  a 
dynamic program experim ents were added and d e le ted  
a f t e r  th e c lo s in g  date fo r  th is  is s u e .
We acknowledge the a id  o f  the numerous p r in c ip a l  
I n v e s t ig a to r s  who prepared the summaries and who we 
th ink  have con tr ib u ted  towards making th is  Issu e  a 
v a lu a b le  research  sou rce .
I .  AGRICULTURE/FORESTRY
TITLE: EVALUATION AND COMPARISON OF ERTS
MEASUREMENTS OF MAJOR CROPS AND 
SOIL ASSOCIATIONS FOR SELECTED 
SITES IN THE CENTRAL UNITED STATES 
(U N 630; MMCfOSO)
PRINCIPAL INVESTIGATOR:
D r. M arion  F . B aum gardn er  
L a b o r a to r y  f o r  A p p l i c a t i o n s  
o f  R em ote S e n s in g  
P u rd u e U n i v e r s i t y  
W, L a f a y e t t e ,  I n d ia n a  4 7 9 0 7
SUMMARY. T he o b j e c t i v e  o f  t h i s  e x p e r im e n t  
i s  t o  e v a l u a t e  t h e  u t i l i t y  o f  ERTS-1 
m e a su r e m en ts  f o r  u s e  in  i d e n t i f y i n g ,  
l o c a t i n g ,  c h a r a c t e r i z i n g  and m ap p in g  
d i f f e r e n c e s  i n  s o i l s  and v e g e t a t i o n  o v e r , a 
w id e  r a n g e  o f  c l i m a t i c ,  g e o g r a p h i c a l ,  a n 4  
e c o l o g i c a l  c o n d i t i o n s .  S ix  t e s t  s i t e s  w e re  
s e l e c t e d  w i t h i n  t h e  l a t i t u d i n a l  r a n g e  from  
3 2 * 3 0 ’ N t o  4 8 * 0 0 ’ N and l o n g i t u d i n a l  r a n g e  
from  86®10'W  t o  102"4U 'W . B o th  n o n ­
s u p e r v i s e d  and  s u p e r v i s e d  c o m p u te r  c l a s s i ­
f i c a t i o n  p ro g ra m s w i l l  be u s e d  i n  t h e  
a n a l y s i s  o f  MSS d i g i t a l  d a t a .  The e x p e r i ­
m ent i s  d e s ig n e d  t o  t e s t  th e  f e a s i b i l i t y  
and a p p l i c a b i l i t y  o f  t h e s e  t e c h n i q u e s  i n
( 1 )  i d e n t i f i c a t i o n  and d e l i n e a t i o n  o f  s o i l  
o r d e r s ,  g r e a t  s o i l  g r o u p s  and s o i l  a s s o c i ­
a t i o n s ;  ( 2 )  s e a s o n a l  and g e o g r a p h ic a l  
c h a n g e s  in  s p e c t r a l  c h a r a c t e r i s t i c s  o f  
s o i l s  and v e g e t a t i o n ;  (3 )  s p e c t r a l  c h a r ­
a c t e r i z a t i o n  o f  t h e  c o n d i t i o n s  o f  n a t u r a l  
v e g e t a t i o n  and c u l t i v a t e d  c r o p s  u n d e r  n o r ­
m al and s t r e s s  c o n d i t i o n s .  One o f  t h e  
a n t i c i p a t e d  b e n e f i t s  o f  t h i s  e x p e r im e n t  i s  
t h e  d e v e lo p m e n t  o f  m e th o d o lo g y  f o r  co m p a r ­
i s o n  o f  s p e c t r a l  r e s p o n s e s  fro m  s i m i l a r  
s o i l s  and v e g e t a t i v e  c o v e r  a n y w h ere  i n  t h e  
w o r ld .
TITLE: WETLANDS MAPPING AND MONITORING WITH ERTS
PRINCIPAL INVESTIGATOR;
Dr. Richard R. Anderson 
American U n iv e rsity  
Dept, o f B io logy , Hurst H all 
W ashington, D.C. 20016
TITLE: TIMBER INVENTORY -  LAND USE IN HUELUA, 
SPAIN
PRINCIPAL INVESTIGATOR:
Dr. Em ilio De Benito  
Univ. P o l lte c n lc a  De Madrid 
CludAd U n lv ec slta r la  
Madrid 3 , Spain
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TITLE : INVESTIGATION OF SEASONAL
CHANGES IN THE RANGELANDS OF 
BOTSWANA, PARTICULARLY THE 
WESTERN KWENENG DISTRICT.
PRINCIPAL INVESTIGATOR:
R .n .  BENNISON
AGRICUI.TURAL RESEARCH STATION 
PRIVATE BAG 33  
GABORONE, BOTSWANA.
SUMMARYt R a n c h in g  and C a t t l e  g r a z i n g  
h a v e  a lw a y s  b e e n  t h e  m a in s t a y  o f  
B o ts w a n a 's  e co n o m y . I n  o r d e r  to  Im p rove  
a n d  d e v e lo p  a g r i c u l t u r a l  m e th o d s .  I t  I s  
n e c e s s a r y  t o  b u i l d  an a c c u r a t e  v e g e t ­
a t i o n  map o f  t h e  c o u n t r y .  ERTS p h o t o ­
g r a p h y  w i l l  b e  u s e d  I n  c o n j u n c t i o n  w i t h  
e x i s t i n g  gx'ound s u r v e y s  and a e r i a l  
p h o to g r a p h y  t o  a c h i e v e  t h i s ,  t o  I d e n t i f y  
a r e a s  s u i t a b l e  f o r  d e v e lo p m e n t  and t h o s e  
a r e a s  w h ere  c o u n t e r  m e a s u r e s  a r e  n e e d e d  
t o  com b at e r o s i o n  an d  d e g r a d a t io n  o f  th e  
l a n d .  P a r t i c u l a r  I m p o r ta n c e  I s  a t t a c h e d ,  
t o  th e  W e ster n  K w eneng d i s t r i c t , C e n t r a l  
S o u th e r n  B o ts w a n a , w h e r e  I n t e n s i v e  
c o n v e n t i o n a l  s t u d i e s  a r e  in  p r o g r e s s .
TITLE: PREDICT EPHEMERAL AND PERENNIAL RANGE
QUANTITY AND QUALITY DURING NORMAL 
GRAZING SEASON (MMC # 147)
PRINCIPAL INVESTIGATOR:
Mr. Gordon Bentley 
Bureau of Land Management 
Box 723
Riverside, California 92502
SUW1ARY: This experiment w ill test application 
of s a te llite  and high flig h t imagery to several 
resource management problems confronting the 
Bureau of Land Management (BLM). Livestock 
forage in deserts of the southwest is based upon 
ephemeral plants highly reactive to variable 
amounts of precipitation. A fast, effective  
tool for determining forage production over 
large complex areas is needed. Livestock graz­
ing perennial plants on rangelands throughout 
the west are being managed under sophisticated 
grazing formulas. A tool is needed to evaluate 
effects of grazing rotation. Vegetation of 
Alaska is v irtually  unmapped. A means of de­
lineating broad classes of vegetation is needed. 
The composite representation of color infrared 
from ERTS data w ill be used to delineate vege­
tation differences due to climate, grazing, etc. 
using visual techniques. Multispectral data 
from ERTS sensors w ill be subjected to a density 
slicing process to determine the usefulness of 
more sophisticated analysis procedures. Positive 
results of this study could greatly Improve the 
data gathering and analysis capability of BLM.
TITLE: STUDY APPLICATION OF REMOTE SENSING DATA TO
AGRICULTURAL PRACTICES IN THE MISSISSIPPI 
DELTA
PRINCIPAL INVESTIGATOR:
C.W. B ouch lllon  
M is s is s ip p i S ta te  U n iv er sity  
P.O. Drawer GH 
S ta te  C o lle g e , M isa. 39762
TITLE: IDENTIFICATION OF PHENOLOGI-
CAL STAGES AND VEGETATIVE 
TYPES FOR LAND USE C L A SSIF I­
CATION IN WILDERNESS AREAS 
SUBJECT TO IMMINENT DEVELOP­
MENT
PRINCIPAL INVESTIGATOR:
C. I v a n  B r a n to n  
I n s t i t u t e  o f  A g r i c u l t u r a l  
S c i e n c e s
U n i v e r s i t y  o f  A la s k a  
P a lm e r ,  A la s k a  9 9 6 4 5
SUMMARY; T h is  e x p e r im e n t  i s  p la n n e d  t o  
e x p lo r e  t h e  s u i t a b i l i t y  o f  d a t a  fr o m  s a t ­
e l l i t e  m ou n ted  s e n s o r s  f o r  u s e  i n  t h e  i -  
d e n t i f i c a t i o n  o f  v e g e t a t i v e  c o m m u n it ie s  
and t h e  p h o n o l o g i c a l  s t a g e  o f  t h e s e  a s s o ­
c i a t i o n s .  N a t u r a l  v e g e t a t i o n  i s  b e in g  
u s e d  a s  an i n d i c a t o r  o f  s o i l  c o n d i t i o n s  
and s i t e  l i m i t a t i o n s . On s i t e  o b s e r v a ­
t i o n s  p lu s  lo w  and m edium  h e i g h t  a e r i a l  
p h o to g r a p h y  i s  b e in g  u t i l i z e d  f o r  a d e ­
t a i l e d  s t u d y  o f  s i x  p l o t s ,  w i t h i n  t h e  t e s t  
a r e a .  A l l  a r e  l o c a t e d  a lo n g  a  N -S  l i n e  
b e tw e e n  th e  149® an d  151® W. M e r id ia n s .  
D e t a i l e d  r e s o u r c e  in f o r m a t io n  from  c o n ­
v e n t i o n a l  p h o to g r a p h y  w i l l  b e  com p ared  t o  
s a t e l l i t e  im a g e r y  and s p e c t r a l  p a t t e r n s  
o b t a in e d  from  i t  w i t h  a c o l o r  a d d i t i v e  
p r o j e c t o r  v i e w e r .  A c o m p u te r  p rogram  d e ­
v e lo p e d  u n d e r  a c o o p e r a t i v e  p r o j e c t  w i l l  
b e u s e d  t o  d e v e lo p  m aps from  s i g n i f i c a n t  
s p e c t r a l  p a t t e r n s  o b s e r v e d  u s i n g  ERTS-A- 
MSS s e n s o r .  I t  i s  a n t i c i p a t e d  t h a t  ERTS 
im a g e r y  w i l l  f a c i l i t a t e  c l a s s i f i c a t i o n  
and la n d  u s e  p la n n in g  in  w i l d e r n e s s  
A1 a s k a .
TITLE: SOIL SURVEY, CROP INVENTORY, SOIL MOISTURE
AND SALINITY STUDIES
PRINCIPAL INVESTIGATOR:
Dr. T. De Meeater 
Lab o f  S o i l  S cien ce  
A g ricu ltu re  U n iv ersity  
Dulvendaal 10
Wageningen. The Netherlands
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TITLE: PHENOLOGY SATELLITE EXPERIMENT
PRINCIPAL INVESTIGATOR:
Dr. B. E. DeChler
D iv is io n  o f  Acmospherlc S ciences
C ornell U n iv ersity
Ith a ca , New York. 14550
SUMMARY: The general o b je c t iv e  o f  th is  ex p eri­
ment Is  to  develop techn iq ues fo r  Id e n tify in g  
p h en o log ica l changes and p lan t typ es on a broad 
s c a le  as an aid  to  y ie ld  r e a l iz a t io n  and crop 
management. F o liage  development (Green Have) and 
veg eta tio n  sen escen ce (Brown Wave) are th e two 
ph en o log ica l s ta g e s  b e in g  observed as a fu n ction  
o f  tim e. The 24 primary t e s t  s i t e s  are loca ted  
in  four c orr id ors: The Appalachian Mountain, 
M iss is s ip p i V a lle y , Rocky Mountain and C o lu stia  
V a lley . The na tu ra l v e g e ta t io n  b ein g  used as a 
p h en olog ica l In d ica tio n  In th e f i r s t  two c o r r i­
dors i s  oak and northern hardwoods. P r a ir ie  
grassland i s  th e in d ic a to r  b e in g  u t i l iz e d  in  th e  
two w estern c o rr id o rs . ERTS-I MSS data w i l l  be 
used to  ob ta in  s p e c tr a l s ig n a tu re s  ch a r a cter iz in g  
th e "green and brown wave". REV data w i l l  a lso  
be used to  ob ta in  a tim e- la p se  p ic tu re  o f  the  
advance o f  the "Waves". Ground ob serva tion s are 
being  taken at s i x  to  n in e-day  in te r v a ls  along  
w ith  d e ta ile d  weather o b serv a tio n s . These data  
w i l l  be used w ith  o b serv a tio n s from e x is t in g  phe­
n o lo g ica l networks in  an e f f o r t  to  id e n t ify  pheno­
lo g ic a l  even ts and a s s e s s  th e ir  u se fu ln ess  as 
p red ic to r s  for crop and fo r e s t  manages:ent proce­
dures. This i s  a coord inated  study by members of 
two a g r ic u ltu r a l research  com m ittees and u t i l i z e s  
th e personnel and f a c i l i t i e s  o f  18 S ta te  A gricu l­
tu ra l Experiment S t a t io n s .
R e g io n  o f  N eb r a slca  u t i l i z i n g  s e q u e n t i a l  
MSS im a g e r y  o b t a in e d  from  ERTS-A. 
C h a r a c t e r i s t i c  and  r e p e t i t i v e  r e l a t i o n s h i p s  
am ong n e a r - s u r f a c e  h y d r o lo g y ,  s o i l s  and  
v e g e t a t i o n  w i t h i n  t h i s  r e g i o n  p r o v id e  a  
u n iq u e  p o t e n t i a l  f o r  t h e  s u c c e s s f u l  s t u d y  
o f  s o i l  an d  r a n g e  r e s o u r c e s  w i t h  r e m o te  
s e n s i n g  t e c h n i q u e s .  S in c e  e o l i a n  sa n d  i s  
t h e  p r im a r y  g e o l o g i c a l  m a t e r i a l  w i t h i n  t h e  
2 0 ,0 0 0  s q u a r e  m i l e s  c o m p o s in g  t h e  Sand  
H i l l s ,  s o i l  an d  v e g e t a t i o n  p a t t e r n s  r e s u l t  
m a in ly  from  d i f f e r e n c e s  in  to p o g r a p h y  and  
h y d r o lo g y  an d  a r e  n o t  c o m p l i c a t e d  b y  g r o s s  
l a t e r a l  c h a n g e s  i n  t h e  l i t h o l o g y  o f  s u r f a c e  
s e d i m e n t s .  M ap p a b le  a r e a s  o f  T y p ic  
U s t ip s a m m e n t s ,  E n t i c  H a p l u s t o l l s ,  A q u ic  
H a p l u s t o l l s ,  T y p ic  H a p la q u o l l s  an d  a s s o ­
c i a t e d  r a n g e  s i t e s  o f t e n  o c c u p y  s e v e r a l  
h u n d r e d  a c r e s  t o  s e v e r a l  s q u a r e  m i l e s .
The b a s i c  h y p o t h e s i s  t o  b e  t e s t e d  i s  t h a t  
t o p o g r a p h ic  f e a t u r e s  an d  th e  p h e n o lo g y  an d  
p h y s i o l o g y  o f  p l a n t s  c o m p o s in g  t h e  v e g e t a ­
t i o n  w i l l  a l l o w  i n t e r p r e t a t i o n  o f  s o i l  
a r e a s ,  r a n g e  s i t e s ,  r a n g e  c o n d i t i o n  and  
d e g r e e  o f  f o r a g e  u t i l i z a t i o n  from  r e f l e c ­
t a n c e  r e c o r d e d  i n  MSS im a g e r y  from  ERTS-A. 
I f  t h i s  h y p o t h e s i s  i s  c o r r e c t ,  i t  w i l l  
b e  p o s s i b l e  t o  u s e  s a t e l l i t e  d a t a  i n  man­
a g i n g  e x t e n s i v e  a r e a s  o f  r a n g e la n d  i n  t h e  
Sand H i l l s  R e g io n .
TITLE: AGRICULTURAL-LIVESTQCK STUDIES
PRINCIPAL INVESTIGATOR:
Dr. Oscar Dominguez 
I n ta - I n s t lt u to  N acional De 
T echnologia Agropecuaria  
C hile  460
Buenos A ir e s , A rgentina
TITLE: EVALUATION OF ERTS-A IMAGERY IN
MAPPING AND .MANAGING SOIL AND RANGE 
RESOURCES IN THE SAND HILLS REGION 
OP NEBRASKA (MCC # 0 2 0 )
PRINCIPAL INVESTIGATOR:
D r . Ja m es V . Drew  
D e p a r tm e n t o f  A gronom y  
U n i v e r s i t y  o f  N e b r a sk a  
L i n c o l n ,  N e b r a sk a  6 8 5 0 3
SUMMARY: T h is  s t u d y  i n v o l v e s  a n  i n t e r p r e ­
t a t i o n  o f  s o i l  m a p p in g  u n i t s  an d  r a n g e  
c o n d i t i o n  c l a s s e s  w i t h i n  t h e  Sand H i l l s
T IT L E : P R O P O SA L  TO  USE E R T S D A TA  FO R  A  
M ULTIDISCIPLINARY AN A LY SIS O F  
MICHIGAN RESOURCES; TASK II — 
E V AL U A T IO N  O F  AG R IC U LTU RA L  
C R O PS
P R IN C IP A L  INVESTIGATOR:
D r . A . H. E llln gb oe  
P r o f e s s o r
D e p a r tm en t o f  B otany  and P lan t P a th o lo g y  
M ich igan  S tate  U n iv e r s ity  
E a s t  L a n s in g , M ichigan
SUM M ARY: T h is  e x p er im en t is  d e s ig n e d  to  d e ­
te r m in e  th e  p o ten tia l u s e fu ln e s s  o f  r e m o te  s e n ­
s in g  fr o m  s a t e l l i t e s  for  e s t im a tin g  th e  a g r ic u l­
tu ra l r e s o u r c e s  o f  M ich igan . T he s p e c if ic  o b je c ­
t iv e s  in c lu d e : 1. th e  v e r if ic a tio n  th at m ajor  
a g r ic u ltu r a l c r o p s  can  be id en tified  by M. S. S. 
te c h n iq u e s  fr o m  s a t e l l i t e s ,  2. a  d e te r m in a t io n  o f  
how  m u ch  up datin g o f s ig n a tu re s  is  r eq u ired  fr o m  
on e  f ly - o v e r  to  th e next to  p o s it iv e ly  id en tify  a  
c ro p , 3 . to  d e v e lo p , a p p ly  and t e s t  th e  a c c u r a c y  
o f  M . S . S . te c h n iq u e s  for  crop s a c r e a g e  e s t im a ­
tio n  fr o m  s a t e l l i t e s ,  4 . th e c o r r e la t io n  o f v a r ia ­
t io n s  in  M. S. S s ig n a tu re s  from  s p a c e  w ith  ground  
tru th  d a ta  on fa c to r s  th a l o ff se t  y ie ld , 5. th e p r o ­
c u r e m e n t o f  in fo rm a tio n  fo r  s tu d ie s  o f  th e  e c o n o ­
m y  o f  o p e r a tio n a l sp a c eb o rn e  cro p  a c r e a g e  e s t i ­
m a tio n  a p p lic a tio n . T h e  te s t  a r e a  in c lu d e s  m o s t  
o f S ou thern  L o w er  M ich igan . S e v e r a l  in te n s iv e
99
stu d y  s i t e s  h ave  b een  s e le c te d  w ith in  th is  la r g e  
t e s t  a r e a . T h is  p r o je c t  is  c o o p e r a t iv e  b e tw een  
M ich igan  State  U n iv e r s ity ;  T h e  U n iv e r s ity  o f 
M ich igan . W illow  Run L a b o r a to r ie s ;  and th e  A g r i­
c u ltu ra l S ta b liz a tio n  and C o n se r v a tio n  S e r v ic e ,
U. S. D. A , E x te n s iv e  ground o b s e r v a t io n s  o f th e  
t e s t  a r e a s  h ave b een  m ad e w ith  p a r t ic u la r  r e f e r ­
en c e  to  co n d it io n s  th at a ffe c t  c ro p  s ig n a tu r e s .
TlTLSi USK 0? ERTS-A DATA FOR FAO 
IBTBBRASED B2S0DRCS SUBVET 
(sa-9603)
SUMMARY : This research  i s  concerned w ith d e v e l­
oping ground tru th  and image c la ss  grouping  
c r i t e r ia  fo r  the d e f in i t io n  o f  s i t e -v c g e t a t io n  
u n its  as a b a s is  fo r  n a tu ra l resource inventory  
and m onitoring u sin g  remote sen sin g  tech n iq u es.
A c la s s i f i c a t io n  system  o f  re la ted  e c o lo g ic a l  
u n its  w i l l  be developed on d if fe r e n t  h ie r a r ch ica l  
le v e ls  c o n s is ten t w ith  na tu ra l groupings and 
com patible w ith  th e  amount o f  d e ta i l  observab le  
and/or in te r p r e ta b le  from th e  imagery. Ground 
tru th  data being acquired  in c lu d es  v e g eta tio n  
c h a r a c t e r is t ic s ,  (dom inence, cover, s tr u c tu r a l  
f e a tu r e s ) ,  s o i l  c h a r a c t e r is t ic s ,  and p h y sio ­
graphic  c h a r a c t e r is t ic s  o f  each d is t in g u is h a b le  
image u n i t .
PEIRCIPAL IBVESTIGATOSi TITLE: WIND EROSION OF SOUS
Dr. G.E. F lschn ieh  
A ss is ta n t D ireotoi^'^leneral 
A grooulture Department 
FAG, Rome, I t a ly
SOMNASTi V arious D iv is io n s  o f  th e  Food and 
A gricu ltu re  O rganisation  o f  th e  U nited  N ation s, 
Bone a re  in te r e s te d  in  u s in g  th e  immgeiy from 
ERTS-1 fo r  t h e ir  on-going p r o je c ts  o r  p r o je c ts  
%diich w i l l  oome in  op eration  du rin g 1 )73 . Data 
from th e s e  p r o je c ts  w i l l  provide th e  ground—tru th  
inform ation fo r  com parison. I t  i s  exp ected  th a t  
th e  r e s u lt s  o f  t h i s  experim ent w i l l  provide an 
in d ic a tio n  o f  th e  u s e fu ln e s s  o f  ERT&-1 d a ta  fo r  
perform ing in teg ra ted  resou rce  surveys in  
develop in g  c o u n tr ie s . I f  th e  a n t ic ip a te d  su c ce ss  
i s  r e a l i s e d ,  th e  production o f  1/ 250 ,000  so a le  
resou rce maps o f  largo  areas o f  th e  co u n tr ies '  
s e le c te d  w i l l  be p o s s ib le .  Such inform ation  
would have a  grea t impact on th e  development 
plan ning  procedures in  th ese  c o u n tr ie s .  T here­
fo r e , FAC proposes to  a s s e s s  th e  u s e fu ln e s s  o f  
space imagery fo r  in teg ra ted  resou rce  survey.
The space imagery w i l l  be u sed  to  supplement 
e x is t in g  cove r a w .  The t e s t  w i l l  b e  ca rr ied  out 
by f i e l d  s t a f f  Tin c o lla b o r a tio n  w ith  th e  Readf- 
qu arters' s t a f f ]  in  v a r io u s p r o je c ts  in  Sudan, 
Colombia and th e  P h ilip p in e s .  The f i e l d s  o f  
a c t i v i t i e s  invo lved  are pasture la n d s, lo c a tio n  
o f  d e s e r t  lo c u s t  breed ing sp o ts  and tr a c in g  
lo c u s t  m ig ra tio n , and land , w ater and 
fo r e s tr y  reso u rc es .
PRINCIPAL INVESTIGATOR:
MR. D. W. FRYREAR
USDA, BIG SPRING FIELD STATION
P. 0 .  BOX 909
BIG SPRING, TEXAS 79720
6WNARY: The a e r ia l  e x te n t and th e  spread o f  wind
eroded s o i l s  in  th e  Texas Southern High P la in s  w i l l  
be eva luated  u s in g  ERTS-1 data . S o i l  cover and 
s o i l  c o lo r  c h a r a c t e r is t ic s  from ground tru th  data  
w i l l  be r e la te d  t o  ERTS imagery. The r e s u l t s  w i l l  
be used to  more a c cu ra te ly  and tim ely  ev a lu a te  th e  
wind ero s io n  s ta tu s  o f  th e  t e s t  s i t e . '
TITLE; IDENT. AND QUANTIFICATION OF CROPS, 
DYNAMICS OF LAND USE AND AGRICULTURE 
CENSUS
PRINCIPAL INVESTIGATOR;
Humberto C. Garucl 
D irecc ion  N acional De Economie 
Y S o c io lo g la  Rural 
Paseo Colon 974-3 P iso -o f:1 4 3  
Buenos A ires-A rgencina
TITLE: USE OF EARTH RESOURCES TECHNOLOGICAL
SATELLITE (ERTS) DATA IN A NATURAL 
RESOURCE INVENTORY
PRINCIPAL INVESTIGATOR:
Ernest B. Fish
Watershed Management Department 
C ollege  o f  A gricu lture  
U n iv er sity  o f  Arizona 
Tucson, Arizona 85721
TITLE; EVAULATION OF THE POTENTIALS OF 
THE ERTS TECHNIQUES FOR SOIL 
SURVEY AND CROP INVENTORY AS 
FOLLOW-UP OF AND IN CONJUNCTION 
WITH A LONG-TERM AERIAL SURVEY 
PROJECT
PRINCIPAL INVESTIGATOR:
Dr. Ir. D. Goosen  
International Institute for Aerial 
Survey and Earth Sciences (ITC) 
ENSCHEDE -  The Netherlands
SUMMARY: The s ite  for the experiment is  the 
Province of Badajoz, Spain. For the past 6 years the
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ITC , In eollaborntion with the Spanish Authorities, has 
prepared soil maps of about 1,000 sq. km within the 
site area. Apart from the panchromatic aerial photo- 
g ra ^ s  of 1956, new photography (panchromatic, infra­
red, normal- and false-color) of a selected area has 
been used since 1970 for the. research on the correla­
tion between soil surface colors and gray (rcsp, color) 
tones on these film types.
Crop inventories Within the tcst-arca have started in 
1971,
The objectives of the experiment are two-fold: 
a) Scientific/technical; b) educational.
a) The great variety in parent material of the soils 
gives rise to many different soil surface colors In 
the area. It is intended to obtain experience in the 
handling of small-scale data, with the aim to design 
a routine In processing the imagery and tapes as a 
useful tool in survey and crop inventory.
b) To incorporate EHTS images and other data in the 
soil survey course of the Institute^ in the practical 
fieldwork and in the advanced courses' applied research.
TITLE: INVENTORY OF FOREST AND RANGELAND AND 
EETECriON OF FOREST STRESS (NMC # 226)
TITLE: DETECTION & MONITORING FOREST INSECT
INFESTATIONS IN THE SIERRA NEVADA 
MOUNTAINS IN CALIFORNIA 
(MMC #027)
PRINCIPAL INVESTIGATOR:
Dr. Ralph C. Hall
Natural Resources Management Corporation
Research & Development Division
2150 Shattuck Ave., Berkeley, CA 94704
SUMMARY: The purpose of this experiment is to
determine the feas ib ility  and develop methods of 
early detection and evaluation of forest insect 
infestations through the use of ERTS imagery. To 
determine the extent to which space-acquired data 
alone can be used to successfully detect forest 
insect infestations and evaluate morbitity in 
terms of: minimum size of detectable infestation, 
in acres; intensity of infestation, expressed in 
general classes (none, ligh t, medium or heavy); 
stage of infestation (incipient, active, old); 
kind of insect & nature of damage (defoliation, 
bark beetle, e tc .); to determine the extent to 
which accuracy of detection can be improved by 
the concurrent use of high-altitude aerial 
photography and ERTS imagery through multi-stage 
sampling procedures; to determine the accuracy 
with which different kinds of insect infestations 
can be differentiated from one another and from 
areas which have been subjected to fires or 
logging; to compare the effectiveness of color 
and color IR in detection; and to compare the 
effect of the season of the year on detectability. 
The long term objectives arc to develop space 
data acquisition methodology which w ill elimin­
ate the present need for expensive, patchwork 
aerial and ground surveys; to provide a con­
tinuously up-date basis for operational pro­
grams of investigation, control, and salvage; 
and to permit frequent evaluation of the econ­
omic and ecological impact of existing and im­
pending infestations as a basis for determining 
broad research and control strategies.
PRINCIPAL INVESTIGATOR:
Mr. Robert C. Heller 
U. S. Forest Service 
Pacific Southwest Forest and Range 
Ejqperiment Station 
P. 0. Box 245 
Berkeley, California 94701
SLKMARY: As in d ic a te d  in  th e  t i t l e ,  th ere  are
th ree  d i s c ip l in e s  being in v e s t ig a te d . One i s  the  
id e n t i f i c a t io n  o f  fo r e s t  and land use typ es near  
th e  A tla n ta , G eorgia, a rea .. In t l i is  study we hope 
to  be a b le  to  id e n t ify  changes in  f o r e s t  bounda­
r ie s  and to  id e n t i f y  13 major land u se  types  
a s so c ia te d  w ith  tlie  n a tio n a l F orest Survey, The 
secpnd s i t e ,  in  th e  Black l l i l l s  o f  Scxith Dakota, 
i s  e3q>ericncing a ser io u s  p in e  bark b e e t le  e p i ­
dem ic. P ine tr e e s  are k i l l e d  s in g ly  and in  b locks  
o f  IÇ to  1 ,000  tr e e s ;  th e dying tr e e s  diange from 
a normal green  c o lo r  to b r ig h t y e l l  ex»' and o f f e r  
r e s o lu t io n  ta r g e ts  o f  vary ing  s i z e s .  We hope to  
d is c o v e r  w hether th ese  d isc o lo r e d  p a tch es  can be 
d e te c te d  from s a t e l l i t e  a l t i tu d e s .  A ls o , we have 
in s t a l l e d  th ree  DCT's a t  t h is  s i t e  to  m onitor 80 
sep a ra te  b io p h y s ica l phenomena. F in a l ly ,  a t our  
rangeland s i t e  near Colorado S p rin gs, Colorado, we 
are m m ito r in g  rangelands and id e n t ify in g  the typ e  
and p r o d u c t iv ity  and a ls o  the infringem ents summer 
r e c r e a t io n a l hom esites are making in to  th e f o r e s t  
and rangeland biom e. A ll  s a t e l l i t e  and u n d e r f lig h t  
a ir c r a f t  imagery w i l l  be exam ined.in  f iv e  d if fe r e n t  
ways: (1 ) by human in te r p r e ta t io n , (2) by o p t ic a l
oxnb in ing , (3) by m icrodensitom etric  a n a ly s is ,
(4) by ccnqiuter a n a ly s is ,  and (5) by the combina­
t io n  o f  analog and d ig i t a l  p r o c e s s in g -s u c h  as 
SPARC.
TITLE: AGRICULTURE AND WATER RESOURCE DEVELOPMENT
PRINCIPAL INVESTIGATOR:
Dr. Anwar Hossain 
Planning Commission 
Dacca, Bangladesh
TITLE: GEO-BOTANICAL SURVEYS; WOODLAND AND FOREST 
VEGETATION
PRINCIPAL INVESTIGATOR:
Dr. John A. Howard .
U n iv e r sity  o f Melbourne 
P a r k v i llc ,  V ic to r ia  
A u stra lia
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TITLE: STUDY OF THE APPLICATION OF
ERTS-A DATA TO: AGRICULTURE 
AND FORJ-STRY-MISSISSIPPI 
DELTA ALLUVIAL PLAINS REGION
PRINCIPAL INVESTIGATOR;
Dt , Frank  M. I n g e l s  
D e p a r tm e n t o f  E l e c t r i c a l  
E n g in e e r in g
M i s s i s s i p p i  S t a t e  U n i v e r s i t y  
M i s s i s s i p p i  S t a t e ,
M i s s i s s i p p i  3 9 7 6 2
SUMMARY : T h is  p r o j e c t  i s  a s t u d y  and
e v a l u a t i o n  o f  ERTS-A r e m o te  s e n s i n g  c a p a ­
b i l i t i e s  w it h  r e g a r d s  t o  a g r o n o m y , g r a s s ­
l a n d s ,  and f o r e s t r y .  T he a r e a  t o  be  
s t u d i e d  i s  i n  t h e  M i s s i s s i p p i  D e l t a  r e ­
g io n  l o c a t e d  n e a r  th e  D e l t a  B ran ch  E x p e r ­
im e n t  S t a t i o n  a t  S t o n e v i l l e ,  MS. T e s t  
p l o t s  c o n t a i n i n g  a t  l e a s t  50 a c r e s  o f  
g r a s s l a n d ,  h a rd w o o d  t im b e r ,  o r  v a r i o u s  
t y p e  c r o p s  w i l l  b e  u t i l i z e d  i n  a c h i e v i n g  
p r o p e r  MSS s i g n a t u r e  a n a l y s i s .  T he c o u n ­
t r y  l e v e l  ASCS w i l l  c o o p e r a t e  i n  o b t a i n ­
in g  n e c e s s a r y  g r o u n d  t r u t h  d a t a  a b o u t  
t h e s e  t e s t  p l o t s .  From t h i s  in f o r m a t io n  
NASA-MTF-GRL w i l l  c o n s t r u c t  p l o t s  sh o w in g  
h ard w ood  f o r e s t s ;  w eed  i n f e s t e d  a c r e s ;  
c r o p s ,  t h e i r  t y p e ,  s i z e ,  and  e s t i m a t e d  
y i e l d ;  and a n y  o t h e r  s i g n i f i c a n t  o u t p u t s  
w h ic h  c a n  b e  d e r iv e d  fro m  ERTS-A MSS d a t a .  
T he MSU r e s e a r c h  team  w i l l  i d e n t i f y  and  
l o c a t e  p o s s i b l e  i n t e r m e d i a t e  an d  lo w  l e v e l  
u s e r s  o f  t h i s  in f o r m a t io n .  E f f o r t s  w i l l  
th e n  b e  d i r e c t e d  to w a r d  d e r i v i n g  a fo r m a t  
f o r  t h i s  in f o r m a t io n  w h ic h  i s  o p t im iz e d  
w it h  r e s p e c t  to  u s e r  i n t e r e s t s ,  and a c ­
q u a i n t i n g  p o s s i b l e  u s e r s  w i t h  t h e  c a p a ­
b i l i t i e s  o f  r em o te  s e n d e d  d a t a .  T he r e ­
s u l t  o f  th e  p r o j e c t  w i l l  b e  a n . o b j e c t i v e  
e v a l u a t i o n  made i n  c o o p e r a t i o n  w i t h  sa m p le  
u s e r s  o f  s i g n i f i c a n t  a p p l i c a t i o n s  o f  ERTS- 
A d a t a .
TITLE: WHEAT: ITS WATER USE, PRODUCTION AND
DISEASE DETECTION AND PREDICTION
PRINCIPAL INVESTIGATOR:
Dr. E. T. Ranemasu 
E vapotransp iration  Laboratory 
Kansas S ta te  U n iv er sity  
Manhattan, Kansas 66506
SUMMARY: O b jec tiv es  o f  the In v e s t ig a t io n  are:
(1 ) to  ev a lu a te  th e e f f e c t  o f  w ater s t r e s s ,  d ise a se  
and le a f  area on the r e f le c ta n c e  c h a r a c t e r is t ic s  
o f  wlieat, (2) to  ev a lu a te  d ise a se  lo s s e s  In terms 
o f y ie ld  and w ater u se , and (3) to  p r e d ic t  d ise a se  
s e v e r ity  and economic lo s s .  D e ta ile d  ground 
measurements, which Include s o i l  m o istu re , le a f  
area , r e f le c t a n c e ,  le a f-w a ter  p o t e n t ia l ,  and 
d is e a se  s e v e r ity  are being made on t e s t  s i t e s  In 
R ile y , F inney, Harvey and R u sse ll C ou n ties. Data 
c o l le c t io n  p latform s are p laced  In commercial 
wheat f i e l d s .  Transm itted data are s o i l  m oistu re , 
maximum and minimum tem perature, r e la t iv e  hum idity, 
hours o f  fr ee  m oisture and r e f le c t a n c e .  These 
data are to be used to  p r e d ic t d is e a se  s e v e r ity  
30 days In advance.
TITLE: REGRESSION OF FOREST GROWING STOCK
CHARACTERISTICS ON IMAGES OF 
SATELLITE PICTURES (MMC ><4 58 0 )
PRINCIPAL INVESTIGATOR:
D r. K u l le r v o  K u u se la  
F o r e s t  R e s e a r c h  I n s t i t u t e  
U n io n in k a t u  MO A 
0 0 1 7 0  H e l s i n k i  1 7 ,  F in la n d
SUMMARY: The i n v e s t i g a t i o n  i s  c o n c e r n e d
w it h  t h e  i n v e n t o r y  and c l a s s i f i c a t i o n  o f  
f o r e s t  g r o w in g  s t o c k .  T he d a t a  o f  f i r s t  
hand i n t e r e s t  i s  t h e  c o r r e l a t i o n  b e tw e e n  
t h e  t o n a l  q u a l i t i e s  o f  v a r io u s  s a t e l l i t e  
p i c t u r e s  (b a n d s  ). auid f o r e s t  c h a r a c t e r ­
i s t i c s  m e a su r ed  in  t h e  f i e l d .  T he f i n a l  
i n t e r e s t  i s  t o  e s t i m a t e  th e  b e n e f i t  o b ­
t a i n a b l e  from  ERTS A p i c t u r e s  f o r  f o r e s t  
in v e n t o r y  p u r p o s e s .  T e s t  s i t e  i s  l o c a t e d  
i n  n o r th e r n  F in la n d  aro u n d  t h e  p o i n t  w i t h  
l a t i t u d e  68°N and lo n g i t u d e  26 E .
TITLE; DEVELOPIIENT OF A fJULTISTAGE 
FOREST SAAIFIINQ SYSTEM USING 
EHTS-1 IMAGERY
PRINCIPAL INVESTIGATOR!
P h i l i p  G. L a n g le y
E a r th  S a t e l l i t e  C o r p o r a t io n
21 5 0  S h a t t u c k  A v e .
B e r k e le y ,  C a l i f . 9 4 7 0 4
SUMMARY: The o b j e c t i v e s  o f  t h i s  i n v e s t i ­
g a t i o n  a r e  t o  d e v e lo p  ( 1 )  a d v a n c e d  m u l t i ­
s t a g e  s a m p lin g  t e c h n iq u e s  w h ic h  m o s t  f u l l y  
u s e  t h e  d a t a  a v a i l a b l e  from  ERTS-1 im a g e r y ,
( 2 )  c o o r d in a t e  t r a n s f o r m s  f o r  t r a n s f e r r i n g  
o w n e r s h ip  b o u n d a r ie s  from  m aps t o  ERTS-1  
im a g e r y ,  and ( 3 )  m a c h in e  m e th o d s  f o r  e x ­
t r a c t i n g  f o r e s t r y  r e l a t e d  f e a t u r e s  fro m  
ERTS-1 im a g e r y  t h a t  w o u ld  b e  u s e f u l  i n  
f o r m u la t in g  s a m p lin g  p r o b a b i l i t i e s  f o r  
f o r e s t  s u r v e y s .  S am p le  g r o u n d  d a t a  o b ­
t a i n e d  from  a n  o w n e r s h ip  o f  5 0 0 ,0 0 0  a c r e s  
w i l l  b e  u s e d  i n  t h e  f i n a l  s t a g e  o f  a  t r i a l  
f o r e s t  s u r v e y  t o  d e te r n d r ie  i f  d a t a  e x ­
t r a c t e d  from  ERTS-1 im a g e r y  c a n  b e  u s e d  t o  
r e d u c e  th e  v a r i a t i o n  i n h e r e n t  a t  t h e  f i r s t  
s t a g e  o f  s a m p lin g .  To a c c o m p lis h  t h i s ,  
th e  p r o p e r t y  b o u n d a r ie s  w i l l  b e  a n n o t a t e d  
on t h e  ERTS-1 im a g e r y  t o  e s t a b l i s h  a  
sa m p le  fr a m e . S a m p lin g  p r o b a b i l i t i e s  w i l l  
b e f o r m u la t e d  from  d a t a  e x t r a c t e d  th r o u g h  
t h e  i n t e r p r e t a t i o n  p r o c e s s .  E s t i m a t e s  o f  
t o t a l  f o r e s t  v o lu m e  w i l l  b e  o b t a in e d  u s i n g  
a e r i a l  and g r o u n d  d a t a  a l r e a d y  i n  h a n d .  
T e s t s  w i l l  b e  p e r fo r m e d  t o  d e t e r m in e  i f  
ERTS im a g e r y  ca n  b e  u s e d  t o  s i g n i f i c a n t l y  
r e d u c e  t h e  v a r i a t i o n  e n c o u n t e r e d  a t  t h e  
f i r s t  ' s t a g e .  T e s t s  t o  d e t e r m in e  t h e  
r e l a t i v e  e f f e c t i v e n e s s  o f  d i f f e r e n t  i n t e r ­
p r e t a t i o n  s y s t e m s  w i l l  a l s o  b e  p e r fo r m e d .
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TITLE: A STUDY OF THE UTILIZATION OF
ERTS-A DATA FROM THE WABASH RIVER 
BASIN (SR I 0 4 9 )
PRINCIPAL INVESTIGATOR:
D r. D a v id  A . L a n d g reb e  
L a b o r a to r y  f o r  A p p l i c a t i o n s  o f  
R em ote S e n s in g  
P u rd u e  U n i v e r s i t y  
W est L a f a y e t t e ,  I n d ia n a  4 7 9 0 6
SUMMARY: T h is  i n t e r d i s c i p l i n a r y  s t u d y  i s
t o  t e s t  t h e  a p p l i c a b i l i t y  o f  a u t o m a t ic  
d i g i t a l  d a t a  p r o c e s s i n g  t e c h n iq u e s  f o r  
i d e n t i f y i n g ,  c l a s s i f y i n g  and m ap ping  
n a t u r a l  and nanm ade r e s o u r c e s  i n  th e  
W abash R iv e r  B a s in  u s in g  ERTS-A m u l t i -  
s p e c t r a l  s c a n n e r  d a t a .  The n a t u r a l  c o v e r  
t y p e  c a t e g o r i e s  w h ic h  a r e  t o  b e  i n v e s t i ­
g a t e d  a r e :  v e g e t a t i v e  s p e c i e s  i n c l u d i n g
m a jo r  c r o p  t y p e s ,  f o r e s t  and w o o d l o t s ; 
s o i l  t y p e s ;  and w a te r  r e s o u r c e s .  The  
c r o p  t y p e  a n a l y s i s  i s  o f  i n t e r e s t  t o  th e  
A g r i c u l t u r a l  S t a b i l i z a t i o n  and C o n s e r v a ­
t i o n  S e r v i c e  (ASCS) and t h e  S t a t i s t i c a l  
R e p o r t in g  S e r v i c e  (SR S) w i t h i n  th e  U . S .  
D e p a r tm e n t o f  A g r i c u l t u r e  and w as p la n n e d  
in  c o o p e r a t i o n  w i t h  t h e s e  a g e n c i e s .
F o r e s t  and w o o d lo t  m ap p in g  e x p e r im e n t s  
a r e  o f  m a jo r  i n t e r e s t  t o  t h e  F o r e s t  
S e r v i c e  an d  th e  s o i l  and w a te r s h e d  e x p e r ­
im e n t s  a r e  b e in g  c o n d u c t e d  in  c o o p e r a t io n  
w it h  t h e  S o i l  C o n s e r v a t io n  S e r v i c e  (SCS) 
and t h e  P u rd u e  U n i v e r s i t y  Agronom y  
D e p a r tm e n t . Manmade s t r u c t u r a l  f e a t u r e s  
a r e  t o  be s t u d i e d  in  an  u rb an  la n d  u s e  
a n a l y s i s  o f  M a r io n  C o u n ty  ( I n d i a n a p o l i s ) ,  
I n d ia n a  in  c o o p e r a t io n  w it h  p la n n in g  and  
z o n in g  and m e t r o p o l i t a n  d e v e lo p m e n t  
a g e n c i e s  f o r  t h a t  c o u n t y .
T he t e s t  s i t e  a r e a  e n c o m p a s se s  3 3 ,1 0 0  
s q u a r e  m i l e s  o f  t h e  W abash R iv e r  B a s in  
from  w h ic h  s u b s i t e s  w i l l  b e  s e l e c t e d  f o r  
d e t a i l e d  a n a l y s i s .  D i g i t a l  p a t t e r n  r e c o g ­
n i t i o n  t e c h n iq u e s  u s in g  b o th  th e  s p e c t r a l  
and te m p o r a l  m e a su r e m en ts  made a v a i l a b l e  
by t h e  r e p e t i t i v e  c o v e r a g e  o f  th e  ERTS 
m u l t i s p e c t r a l  s c a n n e r  w i l l  b e  u t i l i z e d  i n  
th e  a n a l y s i s .
TITLE: DESERT PLANT SPECIES IDENTIFICATION BY 
BY SPECTRAL SIGNATURES
TITLE: EVALUATION OF REMOTE SENSING AS A MANAGEMENT 
TOOL IN CONTROLLING PINK BOLLWORM IN COTTON
PRINCIPAL INVESTIGATOR:
Dr. Lowell N. Lewis 
C itrus Research Center 
A g ricu ltu ra l Experiment S ta tio n  
U n iv ersity  of C a lifo rn ia  
R iv e rs id e , C a lifo rn ia  92502
PRINCIPAL INVESTIGATOR:
Dr. C harles H. Lowe 
D ept, o f B io lo g ic a l  Sc ien ces  
U n iv e r s ity  o f Arizona  
Tucson, Arizona 85721
TITLE: RBlOTE SENSING IN IOWA AGRICULTURE
PRINCIPAL INVESTIGATOR;
• John P. M ahlstede
Iowa A gricu ltu re  Experiment S ta tio n  
Iowa S ta te  U n iv ersity  
Asies, Iowa 50010
TITLE: TO ASSESS THE VALUE OF SATELLITE
IMAGERY IN RESOURCE INVENTORIZATION 
ON A NATIONAL SCALE (SR -  9 6 1 6 )
PRINCIPAL INVESTIGATOR:
D r 0 . 6 .  M alan
N a t io n a l  P h y s i c a l  R e s e a r c h  L a b o r a to r y  
C o u n c i l  f o r  S c i e n t i f i c  and I n d u s t r i a l  
R e s e a r c h  
P .O . B ox 395
P r e t o r i a ,  R e p u b l ic  o f  S o u th  A f r i c a
SUMMARY: T h is  m u l t i d i s c i p l i n a r y  e x p e r im e n t  
i n v o l v e s  a l s o  t h e  S o i l  and I r r i g a t i o n  
R e s e a r c h  I n s t i t u t e  and B o t a n i c a l  R e s e a r c h  
I n s t i t u t e  o f  t h e  D ep a r tm en t o f  A g r i c u l t ­
u r a l  T e c h n ic a l  S e r v i c e s ,  G e o l o g i c a l  
S u r v e y  o f  t h e  D e p a r tm en t o f  M in es  a s  w e l l  
a s  t h e  D e p a r tm e n t o f  P la n n in g  i n  c o o p e r a ­
t i o n  w i t h  s e v e r a l  u n i v e r s i t y  d e p a r tm e n ts  
o f  G eo g ra p h y  and R e g io n a l  P la n n in g .
The i n v e s t i g a t i o n  w i l l  in v o l v e  v i s u a l  
i n t e r p r e t a t i o n  w i t h  g ro u n d  c o n t r o l  o f  
s i n g l e  and  m u lt ib a n d  ERTS-1 MSS and RBV 
im a g e r y  w h ic h  w i l l  be s u p p le m e n te d  by  
s im u l t a n e o u s  h i g h - l e v e l  c o l o u r  i n f r a r e d  
and  c o n v e n t i o n a l  a e r i a l  p h o to g r a p h y  o f  
s e l e c t e d  s i t e s .  ERTS-1 im a g e r y  w i l l  b e  
c r i t i c a l l y  c o r r e l a t e d  w i t h  t h e  r e s u l t s  o f  
c o m p le te d  d e t a i l e d  and g e n e r a l  s u r v e y s  
w i t h i n  t h e  p r im a r y  t e s t  s i t e s :  C e n t r a l
T r a n s v a a l ,  N o r th e r n  N a t a l ,  N o r th e r n  F r e e  
S t a t e  and W e ster n  Cape P r o v in c e .
By e x t r a p o l a t i o n  o f  t h e  r e s u l t s  ob­
t a i n e d  w i t h i n  t h e s e  a r e a s  t o  r e l a t i v e l y  
u n e x p lo r e d  a r e a s , i t  i s  h o p ed  t h a t  
s y n o p t i c  n a t i o n a l  c o v e r a g e  by ERTS-1  
im a g e r y  w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  
to w a r d s  t h e  r e v i s i o n ,  c o m p le t i o n  and  
a c c e l e r a t i o n  o f  n a t i o n a l  s o i l s ,  p la n t  
e c o l o g i c a l ,  a g r i c u l t u r a l  la n d  c a p a b i l i t y ,  
g e o l o g i c a l  and la n d  u se  s u r v e y s  a t  s c a l e s  
o f  1  ; 2 5 0  0 0 0  an d  s m a l l e r .
103
TITLE: SURVEYING NATURAL AND CULTURAL 
RESOURCES
PRINCIPAL INVESTIGATOR:
Dr. Fernando de Mcndonca 
In s t i tu t e  de Pesquisas Espaciais- 
INPE
Caixa P osta l 515 - Sao José dos 
Campos Sâo Paulo- B ra z il
SUMMARY: An area o f about 1 ,000 ,000  km̂
w i l l  be covered w ith  ERTS sensors (4 MSS 
channels and 3 RBV channels) th a t w i l l  
p rovide images (P re c is io n  and Bulk) and 
magnetic tapes. The area comprises the  
S ta te  o f Minas G era is , Sao Paulo, Paranâ, 
E s p îr ito  Santo and Rio de Jan e iro  and ex­
h ib its  a big  v a r ia t io n  o f s o i l  types, 
p la n t coverage, a g r ic u ltu r a l  p ra c tic e s  
and co n d ition s  and c lim a te . The area is  
o f paramount importance to  the economy 
of the country. The purpose o f the in ­
v e s tig a t io n  w i l l  be to study the v i a b i l ­
i t y  o f s c ie n t i f ic  uses and economical 
s u b s titu t io n  o f the conventional methods 
o f surveying n a tu ra l and c u ltu r a l  r e ­
sources by s a t e l l i t e  d a ta . S ix  r e p e t i ­
t iv e  coverages were req u ired  to make 
p ossib le  the e s tim a tio n  o f the dynamic 
changes in  the ground fea tu re s  through­
out a year o f experim ent. Recent aero- 
photogramm etric survey c a rr ie d  out by 
B ra z il ia n  Agencies and INPE a i r c r a f t  
equipped w ith  severa l sensors w i l l  be 
used as support o f the o rb it  d a ta . V is u ­
al and autom atic p h o to in te rp re ta tio n  
stud ies  w i l l  be c a rr ie d  o u t, e s ta b lis h ­
ing keys fo r  development o f an improved 
autom atic data  processing system.
with long h i s t o r i e s  of  operat ion and ex­
tensive current  programs, or are current  
remote sensing s i t e s .  M ul t i - s t a g e  data 
are being c o l l e c t e d ,  from ground t r u t h , 
progressing through low, int ermedi at e and 
high a l t i t u d e  a e r i a l  coverage to s a t e l ­
l i t e  imagery. D i re c t  image anal ys i s tech­
niques,  including l evel  s l i c i n g  and en­
hancement methods, have been developed to 
accomodate the vast amount of  data a v a i l ­
able.  The o b j e c t i v e  of  this study is to 
develop the base system f or  s p e c i f i c  
research d i r e c t l y  re la te d to r e a l i z a t i o n  
of operat ional  s a t e l l i t e  remote sensing 
of the spe ci f i ed  e ar t h resources in the 
Great Pl ai ns.
T IT L E : USE O F  ER TS D A TA FO R A M U L T I­
D IS C IP L IN A R Y  ANALYSIS O F  M IC H IG A N  
RESOURCES; TASK I  - -  E V A L U A T IO N  
O F FORESTS AND R E I.A T E D  N A T U R A L  
RESOURCES
P R IN C IP A L  IN V ES TIG A TO R :
D r. Wayne L. M yers  
Assistant P ro fessor  
D epartm ent of Fo re s try  
Michigan State U n ivers ity  
East Lansing, Michigan
TITLE: EFFECTIVE USE OF ERTS MULTISENSOR
DATA IN THE GREAT PLAINS 
(MMC#119)
PRINCIPAL INVESTIGATOR:
V ic to r  I .  Myers
D ire c to r , Remote Sensing In s t i tu te  
South Dakota S tate  U n iv e rs ity  
Brookings, South Dakota 57006
SUMMARY: The'
experimen t i s . 
ERTS sensors i 
i t ie s  fo r an o 
s a t e l l i t e  sens 
and management 
Northern Great 
s o ils  and p att  
studied w ith  s 
al di fTerences  
ive manner re l 
t  i ve s a t e l l i t e  
o pp ortu n ity  to 
inant pa rame to 
stages and hen 
o f m a tu rity  an 
Eight primary  
ed . These are
purpose o f th is  s c ie n t i f ic  
to in v e s tig a te  data from 
n order to develop c a p a b il-  
p era tio n a l system, using 
or d a ta , in the assessment 
o f earth  resources in the 
P la in s . Rangeland, crops, 
cm  reco gn itio n  w i l l  be 
p e c if ic  emphasis on season- 
which occur in a progress - 
ated to la t i tu d e .  R epeti- 
imagery w i l l  a ffo rd  the 
record the time d is c rim -  
rs in fluenced  by growth 
ce to assess the in fluen ce  
d o ther p lan t c o n d itio n s , 
te s t s ite s  are being s tu d i-  
e ith e r  experim ent s ta tio n s
SUMMARY: The purpose of this project is to 
assess the potential fo r application of ERTS data 
in management of M ichigan's forests and related  
natural resources. Th is is a th re e -p a rt program . 
The objective in the f irs t phase is to assess the 
u tility  of m anually in terpreted sa te llite  im agery  
in hardcopy fo rm  for evaluating gross c h a ra c te r­
istics of natural resources and large scale  
stresses such as the red-humped oakworm  out­
break on the M anistee National Fo rest. The 
objective in the second phase is to conduct a test 
of automated type recognition, cover mapping, 
and area computation. The best s a te llite  data 
for Lower Michigan w ill be processed on the 
digita l an d /o r analog computer fac ilit ies  at W il­
low Run Laboratories. The features under study 
in this second phase w ill be much s m a lle r than 
those in the firs t phase, so the effects of lim ited  
resolution w ill become much m ore obvious. The 
final phase is dependent on the productivity of the 
firs t two phases. Assuming tliat the above inves­
tigations produce reasonable success in evaluating  
the composition and condition of m ore o r less 
extensive forest stands, the application of ERTS  
data to urban fo re s try  w ill be explored.
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TITLE: A STUDY TO EXPLORE THE USE OF ORBITAL REMOTE
SENSING TO DETERMINE NATIVE ARID PLANT 
DISTRIBUTION
PRINCIPAL INVESTIGATOR:
W illiam  G. M cClnnlea 
O ff ic e  o f A rid  Lands S tu d ie s  
U n iv e rs ity  o f A rizona 
1201 E. Speedway 
Tucson, A rizona 85721
TITLE: ENGINEERING ANALYSIS OF ERTS DATA FOR
SOUTHEAST ASIAN AGRICULTURE
PRINCIPAL INVESTIGATOR:
P r o f . J .  A rth u r McNair 
H o l l i s t e r  H a ll 
C o rn e ll U n iv e rs ity  
I th a c a ,  New York 14830
DISCIPLINE: AGRICULTURE
TITLE: TESTING THE FEASIBILITY OF DETECTING
POTENTIAL LOCUST BREEDING SITES (MMC 032)
PRINCIPAL INVESTIGATOR:
Mr. D. E. P ed g ley  
C en tre  f o r  O verseas  P e s t  R esearch  
C o lleg e  House, W rights Lane 
London W8 SSJ, England
SUMMARY: S i t e s  f o r  b re e d in g  by th e  D e se rt L o cu st a re
de term ined  by (a )  th e  o ccu rren ce  o f  r a in s  s u f f i c i e n t  
to  w et d e s e r t  s o i l s  to  a depth o f a t  l e a s t  10 cm so 
th a t  m o is tu re  a b s o rb tlo n  by eggs l a i d  In  th e  s o i l  can 
le a d  to  s u c c e s s f u l  In c u b a tio n ; and (b ) th e  su b seq u e n t 
grow th o f  v e g e ta t io n  s u f f i c i e n t  to  be used  as  food and 
s h e l t e r  by b o th  p a re n ts  and n e w ly -h a tch ed  nymphs. 
C u rren t m ethods o f ground and a e r i a l  su rvey  f o r  b re e d ­
in g  s i t e s  a r e  Incom ple te  and e x p e n s iv e . An a l t e r n a ­
t i v e  method w i l l  be t e s t e d  u s in g  ERTS-1 to  lo c a te  
a re a s  In  th e  d e s e r t  o f  s o u th -w e s te rn  Saudi A rab ia  t h a t  
have been  r e c e n t ly  w e tte d  by r a in  o r  w here v e g e ta t io n  
has becoTC g re e n e r .  Changes In  c o lo u r  and a lb ed o  w i l l  
be compared w ith  changes In  s o i l  m o is tu re  and 
v e g e ta tio n  r o u t i n e ly  m onito red  a t  a  s e t  o f  50 sam pling  
p o in ts  by a su rv ey  team  o p e ra te d  J o in t ly  w ith  th e  
L ocust R esearch  S ta t io n  o f  th e  Saud i M in is try  o f  
A g r ic u ltu re  and W ater R eso u rces. I f  d e te c t io n  I s  
proved f e a s i b l e ,  th en  an o p e ra t io n a l  e a r th  re s o u rc e s  
s a t e l l i t e  w ould g r e a t ly  a id  ro u t in e  s u rv e y in g  and 
f o r e c a s t i n g ,  th e re b y  a llo w in g  th e  l im i te d  number of 
c o n v e n tio n a l su rvey  and c o n t ro l  team s to  be more 
e f f e c t iv e ly  d ep lo y ed , p a r t i c u l a r l y  d u r in g  p e r io d s  o f  
p lag u e  u p su rg e .
TITLE:
TITLE: OBSERVATIONS OF PLANT GROWTH AND ANNUAL
FLOODING IN THE INLAND DELTA OF THE NIGER 
RIVER, W. AFRICA
PRINCIPAL INVESTIGATOR:
D r. Norman H. Macleod 
American U n iv e rs i ty  
M ass. & Neb. Aves.,N .W .
W ashington, D.C.
TITLE: DETECTION OF PLANT DISEASES AND NUTRIENT 
DEFICIENCIES; SOIL TYPES ; AND MOISTURE
PRINCIPAL INVESTIGATOR:
D r. W.L. Parks 
Agronomy D ept.
U n iv e rs i ty  o f Tenn. 
K n o x v ille , Tenn. 37916
INVESTIGATIONS USING 
DATA FROM ERTS-A
PRINCIPAL INVESTIGATOR:
P r o f .  P .R .  P i s h a r o t y
I n d ia n  S p a ce  R e s e a r c h
O r g a n iz a t io n
C /0  P h y s i c a l  R e s e a r c h
L a b o r a to r y
A h m ed a b a d -9 , I n d ia
SUMMARY: T h is  e x p e r im e n t  i s  c o n ­
c e r n e d  w i t h  t h e  u s e  o f  ERTS p i c t u r e s  o v e r  
th e  a r e a  8*N t o  3 0 ° N , 65"E t o  8S"E and  
0"*1S*N  t o  42*E  t o  5S*E . P i c t u r e s  w i l l  b e  
a n a ly z e d  w i t h  s o p h i s t i c a t e d  e q u ip m e n ts  
l i k e  m i c r o d e n s i t o m e t e r ,  o p t i c a l  m i x e r s ,
IBM 3 6 0 /4 4  c o m p u te r  e t c  f o r  u s e  i n  t h e  
f i e l d s  o f  A g r i c u l t u r e ,  F o r e s t r y ,  O c e a n ­
o g r a p h y , H y d r o lo g y ,  C a r to g r a p h y  6 G e o lo g y .  
The P r i n c i p a l  I n v e s t i g a t o r  h a s  draw n C o­
i n v e s t i g a t o r s  fr o m  v a r io u s  G overn m en t  
I n s t i t u t i o n s  i n  I n d i a  d e a l i n g  w i t h  t h e  
a b o v e  d i s c i p l i n e s .  T h e se  I n s t i t u t i o n s  
n o r m a l ly  c o l l e c t  g r o u n d  o b s e r v a t i o n s  on  
a r o u t i n e  b a s i s  i n  t h e i r  r e s p e c t i v e  
f i e l d s .  T he m ain  o b j e c t i v e  o f  t h e  s t u d ­
i e s  o f  t h e  p i c t u r e s  w i l l  b e  t o  g a t h e r  a s  
much i n f o r m a t io n  a s  p o s s i b l e  a b o u t  c r o p s ,  
w a t e r  and  m in e r a l  r e s o u r c e s  and t h e i r  
c h a n g e s  w i t h  t h e  t i m e .  To a  l i m i t e d  e x ­
t e n t ,  s p e c i a l  g r o u n d  and a i r c r a f t  o b s e r ­
v a t i o n s  w i l l  b e  m ade f o r  t h e  d e t e r m in a ­
t i o n  o f  a r o u n d  t r u t h .
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TITLE: MONITORING VERNAL ADVANCEMENT AND
RETROGRADATION (GREEN WAVE EFFECT) 
OF NATURAL VEGETATION IN GREAT 
PLAINS CORRIDOR (MMC # 6 6 7 )
PRINCIPAL INVESTIGATOR:
D r. J .W . R o u s e ,  J r .
R em ote S e n s in g  C e n te r  
T ex a s  A5M U n i v e r s i t y  
C o l l e g e  S t a t i o n ,  T e x a s  7 7 8 4 3
SUMMARY: T h is  e x p e r im e n t  i s  c o n c e r n e d
w it h  t h e  p h e n o l o g i c a l  p a r a m e te r s  o f  th e  
M ixed  P r a i r i e  r e g i o n  o f  t h e  c e n t r a l  U .S.->  
e x t e n d in g  fro m  s o u t h  T e x a s  th r o u g h  N o r th  
D a k o ta . N a t u r a l  v e g e t a t i o n  s y s t e m s ,  p r i ­
m a r i ly  r a n g e la n d  s p e c i e s  a r e  b e in g  u s e d  
a s  p h e n o l o g i c a l  i n d i c a t o r s .  E ig h t  p r i ­
m ary and tw o s e c o n d a r y  t e s t  s i t e s  a r e  
e m p lo y e d ;  a t  l e a s t  o n e  s i t e  in  e a c h  o f  
s i x  a d j a c e n t  s t a t e s  fo r m in g  t h e  n o r t h -  
s o u t h  G r e a t  P l a i n s  C o r r id o r .  T he v e r n a l  
a d v a n ce m e n t and  r é t r o g r a d a t i o n  ( g r e e n  
w ave e f f e c t )  o f  n a t u r a l  v e g e t a t i o n  i s  
b e in g  c h a r t e d  a s  a f u n c t i o n  o f  t im e  u s ­
in g  b o th  g r o u n d  o b s e r v a t i o n s ,  in c l u d i n g  
b io m a s s  s a m p l in g ,  and s p e c t r a l  s i g n a t u r e s  
from  t h e  ERTS-A MSS s e n s o r .  D e t a i l e d  
r e c o r d s  o f  w e a th e r  c o n d i t i o n s  a t  e a c h  
s i t e  a r e  a l s o  b e in g  a c q u i r e d .  A c o m p u t­
e r  p ro g ra m  h a s  b e e n  d e v e lo p e d  t o  l o c a t e  
t h e  t e s t  s i t e  d a t a  w i t h i n  t h e  t o t a l  MSS 
d a t a  f r a m e , t o  co m p u te  t h e  m ean and c o ­
v a r i a n c e s  o f  t h e  t e s t  s i t e  d a t a  by s e ­
l e c t e d  s u b a r e a s  o f  t h e  s i t e ,  and t o  p l o t  
th e  " g r e e n  w ave"  c h a r a c t e r i s t i c s  from  
t h e  MSS d a t a .  T he a n a l y s i s  w i l l  em p lo y  
MSS im a g e s  and  d i g i t i z e d  r e c o r d s .  The  
r e s u l t s  a r e  e x p e c t e d  t o  b e  d i r e c t l y  a p ­
p l i c a b l e  t o  r a n g e la n d  m an agem en t in  th e  
G r e a t  P l a i n s ,  and t o  p r o v id e  in f o r m a t io n  
r e l e v a n t  t o  c r o p  m an agem en t d e c i s i o n s ,  
s u c h  a s  optim um  p l a n t i n g  p e r i o d s .
T IT L E : INVENTORY AND MONITORING OF NATURAL
VEGETATION AND RELATED RESOURCES IN AN 
ARID ENVIRONMENT (MMC# 311)
PRINCIPAL INVESTIGATOR:
B a rry  J .  S chrum pf 
R a nge land  R e sou rces  P rogram  
O regon S ta te  U n iv e r s i t y  
C o r v a l l i s ,  O regon 97331
SUMMARY: In c o r p o r a t io n  o f  ERTS-1 d a ta  I n to
v e g e ta t io n  In v e n to r y  p ro c e d u re s  w i l l  be 
in v e s t ig a te d .  K in d s  and am ounts o f  v e g e ta t io n s  
re p r e s e n t in g  s h r u b - ,  g r a s s - ,  and w o o d la n d s  o f  
s o u th e rn  A r iz o n a  w i l l  be d e te rm in e d  th ro u g h  a 
m u lt is ta g e  s a m p lin g  te c h n iq u e  u t i l i z i n g  ERTS 
Im agery a t  th e  f i r s t  s ta g e .  S tu d ie s  o f  
r e la t io n s h ip s  o f  v e g e ta t io n  d i s t r ib u t i o n s  to  
g e o m o rp h ic  c h a r a c t e r i s t i c s  o f  th e  la n d s c a p e , 
and o f  p la n t  p h e n o lo g ic a l p a t te rn s  to  v e g e ta t io n  
i d e n t i f i c a t i o n  on  s a t e l l i t e  Im agery  a re  e x p e c te d  
to  c o n t r ib u t e  t o  ERTS d a ta  I n t e r p r e t a t i o n .  
C om parison w i l l  be made o f  the  f a c i l i t y  w i th  
w h ic h  la n d fo rm  id e n t i f i c a t i o n s  can be made u s in g  
low  sun a n g le  m onoscop I c  v e rs u s  h ig h  sun a n g le  
s te re o s c o p ic  te c h n iq u e s .  A p p a re n t s p e c t r a l  
s ig n a tu re s  o f  some v e g e ta t io n  ty p e s  w i l l  be 
d e te rm in e d  fro m  d i g i t a l  MSS d a ta .  C o l la b o r a t io n  
Is  p la n n e d  w i t h  p e rs o n n e l fro m  th e  A r iz o n a  
R e g io n a l E c o lo g ic a l T e s t S i t e ;  F o r e s t r y  Remote 
S e ns ing  Lab , U .C . ,  B e rk e le y ;  and th e  
E n v iro n m e n ta l Remote S e n s in g  A p p l ic a t io n s  Lab , 
O .S .U .,  C o r v a l l i s ,  O re g o n .
T IT L E : METHODS OF U T IL IZ IN G  MULTISPECTRAL
SATELLITE IMAGERY FOR WILDLAND RESOURCES 
EVALUATION IN THE GREAT BASIN.
PRINCIPAL INVESTIGATOR:
D r .  P a u l T . T u e l le r  
R enew able R esources C e n te r  
U n iv e r s i t y  o f  Nevada Reno 
R eno, Nevada 89502
SUMMARY: The p r in c ip a l  o b je c t iv e  is  t o  i n v e s t i ­
g a te  th e  u s e fu ln e s s  o f  MSS and RBV im a g e ry  fro m  
th e  ERTS s a t e l l i t e  as s u p p le m e n ta ry  t o o ls  f o r  th e  
management o f  re n e w a b le  n a tu r a l  re s o u rc e s  in  th e  
G re a t B a s in .  A key w i l l  be d e v e lo p e d  t o  b ro a d  
n a tu r a l v e g e ta t io n  u n i t s  w i t h in  th e  G re a t B a s in  
and th e s e  u n i t s  w i l l  be r e la t e d  to  s o i l  o r d e r  
and la n d fo rm . S p e c tr a l r e f le c t a n c e  on RBV and 
MSS im a g e ry  w i l l  be com pared to  v e g e ta t io n  
m a tu ra t io n  o v e r  la rg e  la n d  a re a s  f o r  a co m p le te  
g ro w in g  se a so n . T h is  w i l l  h o p e fu l I y _ g iv e  an 
in d ic a t io n  o f  d yn a m ic  e v e n ts  a f f e c t in g  m anage­
ment such as ra n g e  re a d in e s s ,  f i r e  f u e l  e s t i ­
m ates o r  p h re a to p h y te  a c t i v i t y  a lo n g  s tre a m  
c h a n n e ls .  A map o f  n a tu r a l  v e g e ta t io n  in  
Nevada w i l l  be composed f o r  use b y  re s o u rc e  
m anage rs . S p # c i f ic  b a n d s , d a te s  and c o lo r  
enhancem ents w i l l  be e v a lu a te d  t o  d e te rm in e  
Optimum c o m b in a t io n s  f o r  f e a tu r e  r e c o g n i­
t io n  and m a p p in g .
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IN PLANNING AND INVESTIGATION OF WATER 
resource  DEVELOPMENT PROJECTS IN THE 
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PRINCIPAL INVESTIGATOR:
M r. W .J . van  d e r  O ord 
E x e c u t iv e  A gent 
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Ban g k o k , Tha i l a n d
SUMMARY : The p r im a ry  p u rp o s e  o f  th e  in v e s ­
t i g a t i o n  i s  to  a s s e s s  th e  e x t e n t  t o  w hich  
d a ta  from  e a r t h  r e s o u r c e s  s a t e l l i t e s  can  be 
u s e d  to  c o m p ile  t im e ly  an d  a c c u r a t e  a g r i c u l ­
t u r a l  s t a t i s t i c s  f o r  th e  p la n n in g  o f  w a te r  
r e s o u r c e s  d e v e lo p m e n t p r o j e c t s  in  th e  Mekong 
b a s i n .  The im a g e ry  o b ta in e d  w i l l  a l s o  be 
p r o c e s s e d ,  w here  a p p r o p r i a t e ,  f o r  m apping  o f  
a r e a s  in u n d a te d  by overbem k f l o o d i n g  o f  th e  
Mekong an d  i t s  t r i b u t a r i e s ,  l a n d  u s e  in v e n ­
t o r i e s  in  p o t e n t i a l  r e s e r v o i r  s i t e s ,  and  
s u p p le m e n tin g  d a i l y  s t a t i o n  r e p o r t s  f o r  f lo o d  
f o r e c a s t i n g .  No s p e c i a l ,  s o p h i s t i c a t e d  d a ta  
h a n d l in g  i s  e n v i s i o n e d .  P o s i t i v e  p r i n t s ,  
e n la r g e d  AX-^X in  p r o j e c t i o n  w i l l  be  e v a l u ­
a t e d ,  c r o s s - c h e c k e d  and  s tu d i e d  f o r  key s i g ­
n a t u r e s .  A s e r i e s  o f  g ro u n d  t r u t h  s i t e s  
h a s  b e en  e s t a b l i s h e d  a t  th e  Mekong C om m ittee  
e x p e r im e n ta l  fa rm s  -  f i v e  l o c a t i o n s  in  th e  
b a s in  -  w h ich  w i l l  r a d io  co d ed  d a t a ,  a s  r e ­
q u i r e d ,  and  a t  t h e  e x t e n s iv e  sy s te m  o f  h y d ro ­
l o g i e  an d  m e te o r o lo g ic a l  N etw ork  s t a t i o n s ,  
w hich  r e p o r t  d a i l y  t o  th e  S e c r e t a r i a t  by 
r a d i o .  Once key  s i g n a t u r e s  a r e  i d e n t i f i e d ,  
an  e x p e r im e n ta l  c o m p u te r  a n a l y s i s  an d  c o lo u r  
o v e r la y  s tu d y  w i l l  be m ade. I t  i s  a n t i c i ­
p a te d  t h a t  th e  s c a l e  and  l e v e l  o f  d e t a i l  o f  
ERTS im a g e ry , t o g e t h e r  w ith  th e  f u l l  and  
r e p e t a t i v e  c o v e ra g e  o f  th e  e n t i r e  a r e a  o f  
i n t e r e s t ,  w i l l  p r o v id e  th e  Mekong C om m ittee  
w ith  c r i t i c a l  p la n n in g  d a ta  t h a t  can  be 
o b ta in e d  o th e r w is e  o n ly  a t  f a r  g r e a t e r  
e x p e n s e , and  in  some a r e a s  n o t  a t  a l l  u n d e r  
e x i s t i n g  c i r c u m s ta n c e s .
n ed  t o  b e  c o m p le te d  i n  t h e  c o f f e e  r e g i o n s  
o f  th e  S t a t e s  o f  P a r a n a , S ao  P a u lo ,  M in a s  
G e r a is  and  E s p i r i t o  S a n to  w h ic h  t o t a l  a p ­
p r o x im a t e l y  6 2 0 ,0 0 0  s q u a r e  k i l o m e t e r s  an d  
r e p r e s e n t  a b o u t  95% o f  t h e  B r a s i l i a n  c o f ­
f e e  p r o d u c t i o n .  T he e x p e r im e n t  i s  b r o k e n  
i n t o  tw o  p h a s e s :  a  p r e l i m i n a r y  p h a s e  and  
a n  a p p l i c a t i o n  p h a s e .  T he f i r s t  w i l l  i n ­
v o l v e  t h e  e s t i m a t i o n  o f  t h e  v i a b i l i t y  o f  
c o f f e e  i d e n t i f i c a t i o n ,  w i t h  d i s t i n c t i o n s  
i n  v e g e t a l  g r o w th ,  p l a n t i n g  s y s t e m s ,  an d  
t h e  d e t e r m i n a t i o n  o f  t h e  a p p r o p r ia t e  s p e c  
t r a l  b a n d /s  f o r  t h e  p r o p o s e d  i n v e n t o r y  ,  
an d  w e l l  a s  t h e  e s t a b l i s h m e n t  o f  t h e  m o s t  
s u i t a b l e  t im e  d u r in g  t h e  s e a s o n  f o r  t h e  
m o s t d i s t i n c t  c o f f e e  im a g e s ,  b y  a n a l y s i s  
and c o m p a r is o n  w i t h  im a g e s  fr o m  t h e  d i f ­
f e r e n t  s e n s o r s .  T h is  p h a s e  w i l l  b e  e x e c u t  
e d  i n  a  t e s t  a r e a  c o n t a in e d  b e tw e e n  t h e  
p a r a l l e l s  2 2 ° 0 0 '  a n d  2 ) 0 0 0 ' S a n d  l o n g i t ü  
d e  SlOQO' and  5 2 ° 0 0 'W e s t .  I f  p o s i t i v e  r e  
s u i t s  a r e  p a r t i a l l y  o r  f u l l y  o b t a i n e d f d u r  
in g  t h e  p r e l im in a r y  p h a s e ,  a n  a p p l i c a t i o n  
p h a s e  w i l l  b e  I n i t i a t e d  i n  t h e  fo r m  o f  a  
s u r v e y  u s i n g  t h e  s a t e l l i t e  im a g e r y ,  in  
t h e  c o f f e e  r e g i o n s  m e n t io n e d  a b o v e .  C or -  
r e l a t i o n s  w i l l  a l s o  b e  c o m p le te d  b e tw e e n  
t h e  f i é l d  c o n d i t i o n s ,  t h e  o r b i t a l  im a g e s  
and t h e  c o f f e e  i n v e n t o r i e s  i n  t h e  r e g i o n s  
c o n c e r n e d  c o m p le t e d  u s i n g  a e r i a l  p h o t o g r a  
p h s  o f  t h e  s c a l e  1 : 6 0 , 0 0 0  t a k e n  i n  1 9 6 5  
and  t h e  s c a l e  1 : 2 5 , 0 0 0  ta k e n  i n  1 9 7 1  an d  
1 9 7 2 .  T h is  e x p e r im e n t  w i l l  r e c e i v e  t e c h ­
n i c a l  a s s i s t a n c e  fr o m  t h e  F o o d  a n d  A g r i ­
c u l t u r e  O r g a n iz a t io n  o f  UN.
TITLE: CRCff inEMTIFICATION M )  ACREAGE MEASURENEOT 
UTILIZING ERTS-1 IMAGERY
PRINCIPAL INVESTIGATOR:
TITLE: COFFEE INVENTORY. DEVELOPMENT OF 
INTERPRETATION TECHNIQUES.
PRINCIPAL INVESTIGATOR;
M arcos H e n r iq u e  V e l l o s o  
M i n i s t r y  o f  I n d u s t r y  an d  C om m erce, 
B r a s i l i a n  C o f f e e  I n s t ltu te -G E R C A ,  
S e r v i c e  o f  P h o t o i n t e r p r e t a t i o n ,
Rua M ig u e l  P e r e i r a , 5 5 ,  H u m a ita ,  
2 0 0 0 0  R io  d e  J a n e ir o  -  GB 
B r a s i l .
SUMMARY: T h is  e x p e r im e n t  i s  d e s i g n e d  t o  
t e s t  t h e  v i a b i l i t y  o f  t h e  i n t e r p r e t a t i o n  
o f  o r b i t a l  im a g e s  f o r  s t u d y i n g  t h e  d y n a ­
m ic  a s p e c t s  o f  c o f f e e  p r o d u c t io n  s u c h  a s  
th e  v a r i a t i o n s  i n  p l a n t e d  a r e a s ,  v a r i a t ­
i o n s  i n  p r o d u c t io n  a n d  u s e  o f  m od ern  t e ­
c h n iq u e s  o f  p l a n t i n g  u s i n g  r e p e a t e d  s h o r t  
te r m  i n v e n t o r i e s .  T he e x p e r im e n t  i s  d e s i g
Donald H. Vcwi S teen  
S t a t i s t i c a l  Reporting S e r v ic e  
Ü. S . Department o f  A gr icu ltu re  
W ashington, D. C. 20250
SlfMARY: Tlie o b je c t iv e s  o f  t h is  in v e s t ig a t io n  are  
to  develop tech n iq u es o f  crop s p e c ie  id e n t i f i c a t io n  
and acreage measurement u t i l i z i n g  space im agery. 
Three sources o f  in fom aC ion  w i l l  be u sed , s a t e l ­
l i t e ,  a ir c r a f t ,  and ground. The ground d ata  w i l l  
come fnan a p r o b a b ility  sample o f  th e  study areas  
in  M issou ri, South Dakota, Kansas, and Idaho. The 
a ir c r a f t  data  w i l l  come from two randomly s e le c te d  
f l i g h t  l in e s  in  each study  area . Each sou rce  o f  
in form ation  cou ld  t l t e o r e t ic a l ly  p ro v id e  an un biased  
est im a te  o f  tlie  crop acreage fo r  each study area .
I t  i s  assuned and c r i t i c a l  th a t th e  s a t e l l i t e  and . 
a ir c r a f t  imagery provide enough r e s o lu t io n  to  be  
ab le  to  id e n t i fy  a l l  areas w ith in  th e  primary sam­
p lin g  u n it .  The f i r s t  major e f f o r t  w i l l  be to  
compare th e r e s u lt s  from the th ree  d ata  so u r ce s .
The second major e f f o r t  w i l l  be to  ev a lu a te  a l t e r ­
n a t iv e  ways o f  u s in g  t h i s  in form ation  in  a m u lt i­
s ta g e  sample d esig n . The o th er  approach i s  to  use  
con cep ts o f  m u ltip le  frame sam pling. In t h is  ap­
proach, we would a t t e s f t  to  combine a l l  th ree
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sources o f data where the ground data w u ld  always 
be complete; s a te ll i te  data could be cmiylete or  
incomplete (cloudy or pa rtly  cloudy) and the a ir ­
c ra ft  could be e ith e r  coaylete or p a r t ia lly  com­
p le te . Thus an estimate o f the study areas w i l l  be 
availab le regardless o f  the cloud conditions. The 
three information sources in  e ith e r m ultiple frame 
o r m ultistage sampling, together with related costs 
w i l l  po in t to the most e f f ic ie n t way to use the 
data. Hopefully, an optimal combination o f a l l  
sources w i l l  show a marked improvement over any 
one source fo r making crop acreage estimates.
TITLE; TIMBER RESOURCE INFORMATION SYSTEM (TRIS) 
IN THE PACIFIC NORTHWEST (SR 229)
T IT L E : USE O F ERTS D ATA  FOR A M U L T I­
D IS C IP L IN A R Y  ANALYSIS O F M IC H IG A N  
RESOURCES; TASK III- -E V A L U A T IO N  
O F  SOILS. SO IL CONDITIONS AND  
LANDFO RM S
PRINCIPAL INVESTIGATOR:
A rth u r M. M oll
Bureau o f  In d ian  A ffa ir e
W ashington, D. C. 20242
SUMMARY: B ureau o f  In d ia n  A f f a i r s ,  Bureau o f  Land
M anagement, and S ta te  o f W ashington propose to  use  
a i r c r a f t  im agery and subsequen t s a t e l l i t e  im agery 
from ERTS-A to  e v a lu a te  rem ote  sen s in g  a s  an i n f o r ­
m ation  to o l  in  th e  h ig h  q u a l i ty  f o r e s t  o f  th e  
P a c i f i c  N o rth w est. Change d e te c t io n  w i l l  be v e ry  
im p o rtan t in  m o n ito r in g  th e  e f f e c t s  o f management 
on th e  f o r e s t .  C u l tu ra l  developm ents w i l l  be 
m on ito red  a s  to  th e  e f f e c t s  on th e  env ironm ent.
In  th e  a re a  o f  p r o te c t io n ,  a w arning system  w i l l  
be developed  fo r  e n v iro n m en ta l s t r e s s  and h azard  
c o n d i t io n s .  P r e s e rv a t io n ,  where p r a c t ic e d ,  w i l l  
r e v e a l  e c o lo g ic a l  c o n s id e ra tio n s .
T h is p ro p o s a l w i l l  g iv e  Che land  manager broad 
d e l in e a t io n  o f th e  v e g e ta t iv e  re s o u rc e s  by ERTS-A 
im agery . The o p e r a t io n a l  d em o n stra tio n  i s  to  show 
th e  u t i l i t y  o f  th e s e  d e l in e a t io n s  fo r  c o s t  e f f e c ­
t i v e  in v e n to ry  sam pling  schem es, d e f in in g  d a ta  
n e e d s , and d e v e lo p in g  th e  re s o u rc e  d a ta  in to  tim e ly  
and m ean in g fu l In fo rm a tio n  fo r th e  lan d  m a n ag er 's  
d e c i s io n s .
P R IN C IP A L  IN VESTIG A TO R :
D r . E . P . W hiteside
Departm ent of Crop and Soil Sciences
Michigan State U niversity
E ast Lansing, Michigan
SU M M A R Y: The objectives of this subproject a re  
to develop and apply techniques for using rem ote  
sensor inform ation as a complem entary method to 
a e ria l photography and field observations fo r iden­
tify in g  and mapping soils and land form s and for 
re la ting  soil conditions and land form s to land use 
and potential land uses.
Basic soils inform ation is needed for site  
selections and management decisions having to do 
w ith regional and local planning in ru ra l, suburban 
and urban areas. Soil and landform  maps of v a ry ­
ing degree of de ta il, from  current medium inten­
s ity  (4" = 1 m ile) to reconnaisance surveys (. 04" = 
1 m ile ) o f two test sites representative*of m o ra i-  
nal and outwash areas of m ajor soil associations 
in te rm in a l and interlobate m oraine areas in 
southern Michigan w ill be compared with E R T S -A , 
RB 57, and C 46 rem ote sensor im agery at two or 
three d ifferen t tim es of the year. Results of 
studies on these test sites w ill be applied to p ro ­
duction of gene: a l so il and landform  maps of 
representa tive  areas within one or two ERTS  
fram es.
Im provem ents in the accuracy of soil maps 
o r in the economy of obtaining this inform ation  
would be im m ediately  applicable to environm en­
ta l m aintenance or im provement in suburban and 
ru ra l areas. In conjunction with Task I, Forest 
and Related N atu ra l Resources and Task II ,  
A g ric u ltu ra l Crops, the data from  Task I I I  may 
be useful in Regional Land Use Planning and 
Land Evaluations.
TITLE: REFLECTANCE OF VEGETATION, SOIL, AND 
WATER (AG #339)
PRINCIPAL INVESTIGATOR:
Dr. C raig  L. Wiegand 
USDA -  A g ric . Res. Ser.
P. 0 . Box 267 
W eslaco , Texas 78596
SUMMARY : Em phasis i s  on developing an o p e ra t io n a l
system  o f  ERTS d a ta  a n a ly s is  s u ite d  t o  th e  needs 
o f  th e  USDA. O b je c tiv e s  d e a l w ith  d is c r im in a t in g  
among v a r io u s  c rop  and s o i l  c o n d it io n s ,  t h e i r  
tem p o ra l a n a l y s i s ,  and acreag e  e s t im a te s .  S c ien ­
t i f i c  o b je c t iv e s  compare ERTS d a ta - in d ic a te d  l e a f  
a r e a  in d ic e s  w ith  a n a l y t ic a l  model e s t im a te s ,  and 
d e te rm in a tio n  o f w hether o r  no t c h lo ro p h y ll  concen­
t r a t i o n  d i f f e r e n c e s  in  g ra in  sorghum can be 
d e te c te d  from o r b i t i n g  s a t e l l i t e s .  H idalgo  County 
has been s e le c te d  a s  a  t e s t  s i t e .  Ground t r u t h -  
in g  i s  done on 200 1 6 0 -a c re  sample s i t e s  to  o b ta in  
county  e s tim a te s  w ith  which to  compare ERTS 
e s t im a te s  and to  supp ly  t r a in in g  f i e l d s .  MSS 
d i g i t a l  ta p e s  a re  th e  main d a ta  s o u rc e . The maxi­
mum l ik e l ih o o d  r a t i o  i s  th e  prim ary  p a t te r n  
re c o g n it io n  a lg o rith m  employed.
S in ce  LAI i s  a  w ell-know n in d ic a to r  o f  p la n t  
m a tu r i ty  and v ig o r ,  in fe re n c e s  abou t th e  h e a l th  
and p ro b a b le  y ie ld  o f  c ro p s  should  be p o s s ib le  
from s a t e l l i t e - a c q u i r e d  d a ta .  The e x p e r t i s e  
g a in ed  in  d a ta  h a n d lin g  and a n a ly s is  shou ld  
r e s u l t  in  p ro g re s s  tow ard o p e ra tio n a l system s 
f o r  b e n e f i c i a l  u se  o f  s p e c t r a l  d a ta  in  a g r ic u l ­
t u r a l  a p p l ic a t i o n s .
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T m £ :  IVMTO USE, SOIL MAPPIMS, SOID-BEDRDCK
REIATICNSHIPS, EROSION, DRAINAGE, 
SALINITY Lr4ITATICNS, fOREST DENSm  
AND OOMPOSmCN.
PRINCIPAL INVESTIGATOR:
P ro f. N .J . Y assoglou
Athens F acu lty  o f  A g r icu ltu re
B otanioos A thens, Greece
and NHC/Denocrltus, A thens, G reece.
T h is  experim ent * iH  be execu ted  In  c lo s e  c o o ­
p e ra t io n  w ith  th e  ZDA (Zuyderxec Development 
A u th o r ity ,  Kampon, Tho N e th e r la n d s ) ,  l o r  o b t a i -  
n in g  g ro u n d tru th , th e  ITC ( I n te r n a t io n a l  
I n s t i t u t e  f o r  A e ria l Survey and E a rth  S c ie n c e s , 
Enschede, The N e th e r la n d s) , and LARS (L ab o ra ­
to r y  f o r  A g r ic u l tu r a l  Remote S en s in g , Purdue, 
USA), f o r  th e  p ro c e ss in g  o f th e  re q u ire d  RBV 
p ic tu r e s  and MSS iaiages'.
SUMMARY: T his ejç)eriiten t i s  ccxicem ed w ith  th e
land u se  p a ttern s  o f  t lie  ru ra l a rea s  o f  G reece, 
th e  stu d y  o f  th e  major s o i l  u n it s  o f  th e  country  
in  term s o f  th e ir  r e la t io n s h ip s  t o  parent rock , 
geomorphology and th e ir  l im ita t io n s  such as  
s a l i n i t y ,  e ro s io n  and d ra inage. E stim a tes  o f  
f o r e s t  co v er , com position and d e n s ity  o f  c e r ta in  
stan d s are  a ls o  made.
E x is t in g  and new d e ta i le d  grovnd tr u th  data  are  
conpared w ith  MSS images and ocnputer p rocessed  
data  t o  develop  fea tu re  r e c o g n it io n  p a tte rn s  fo r  
th e  stu d ied  land form s. ' Ih e  tech n iq u es  v h ich  w i l l  
be developed and th e  ob ta in ed  in form ation  w i l l  be 
eiq> lo ited  fo r  more d e ta i le d  s t u ^  o f  th e  ru ra l  
reso u rces  o f  th e  country .
A STUDY, OF WHEAT IN THE ATLANTIC 
TEMPERATE ZONE (PHENOLOGY, VIGOR, 
PESTS AND DISEASES, AND YIELD; 
COMPARISON WITH DATA FROM INDIANA, 
USA (MMC f  569-01)
PRINCIPAL INVESTIGATOR:
D r. J .C . Zadoks,
L abora to ry  o f P h y to p a th o lo g y , 
A g r ic u l tu r a l  U n iv e rs i ty ,  
Wageningon, Tho N e th e r la n d s
SUMMARY: The main o b je c t iv e  o f t h i s  experim ent 
i s  a f e a s i b i l i t y  s tudy  to  id e n t i f y  w heat grown 
under tem p era te  a t l a n t i c  c o n d i t io n s .  The c o r ­
r e c t  i d e n t i f i c a t i o n  w il l  be in f lu e n c e d  by many 
agronom ical v a r ia b le s ,  l i k e :  p h y s io lo g ic  
growth s ta g e ,  c u l t i v a r ,  l e a f  a re a  in d e x , p e s ts  
and d is e a s e s ,  e t c . L o ca tin g  and id e n t i f y in g  
o u tb reak s  o f p e s ts  and d is e a s e s ,  id e n t i f y in g  
c o n tam in a tio n  by weeds and id e n t i f y in g  s e l f -  
sown v o lu n te e r  wheat in  th e  c r o p - f r e e  p e rio d  
w i l l  form p a r t  o f a secondary  f e a s i b i l i t y  s t u ­
dy . The whole experim ent i s  s i t u a t e d  in  th e  
new Zuyder7.ee p o ld e rs  a re a  w ith  th e  experim en­
t a l  farm  and tho  a g r i c u l tu r a l  developm ent a re a  
o f  th e  Zuyderzee Development A u th o r ity  a s  th e  
c e n t r a l  t e s t  s i t e  a r e a .  The a n t i c ip a t e d  r e s u l t s  
a re :  a s t a t i s t i c a l  m easure f o r  r a d i a t i o n  c h a ­
r a c t e r i s t i c s  o f w heat, an assessm en t o f th e  
v a r i a b i l i t y  o f t h i s  s p e c t r a l  s ig n a tu r e  a c c o r ­
d in g  to  tho  in f lu e n c in g  agronom ica l v a r ia b le s  
and an assessm en t o f th e  f e a s i b i l i t y  to  f in d  
and lo c a te  e a r ly  fo c i  o f p e s ts  and d is e a s e s .
I I .  ENVIRONMENTAL QUALITY/ECOLOGY
T IT L E : A R C T IC  AND S U B A R C T IC  E N V IR O N ­
M E N T A L  A N A LY SES U T IL IZ IN G  
E R T S - I  IM A G ER Y
P R IN C IP A L  IN V E S T IG A T O R :
D r. D. M . A n d e rs o n  
C h ie f , E a r t h  S c ie n c e s  B r a n c h  
U .S . A rm y  C o ld  R eg io n s  R e s e a r c h  a n d  
E n g in e e r in g  L a b o r a to r y  
H a n o v e r ,  N ew  H a m p s h ir e  03755
SU M M A RY : T h i s  in v e s t ig a t io n  i s  d e s ig n e d  to  
a c h ie v e  fiv e  o b je c t iv e s :  a . a n a ly z e  an d  m a p  th e  
s e d im e n t  d e p o s i t io n  in  h a r b o r s ,  i n le t s ,  an d  
d o c k in g  f a c i l i t i e s  in  C ook  In le t: b. m a p  th e  
p e r m a f r o s t  a r e a s  of A la sk a  a s  i n f e r r e d  by v e g e ­
t a t iv e  p a t t e r n s  a n d  o th e r  i n d ic a to r s ;  c . c o m p a re  
to n a l  an d  te x tu r a l  p e r m a f r o s t  p a t t e r n s  v is ib le  
on  E R T S  im a g e r y  w ith  th a t  of M a r in e r s  6, 7 a n d  
9# d, c o r r e l a t e  sn o w  c o v e r  w ith  s t r e a m  ru n o f f  
on  th e  C a r ib o u - P o k e r  C r e e k  W a te r s h e d ;  e .  m a p  
a n d  in v e n to ry  s t r e a m  ic in g s  in  th e  C h en a  R iv e r  
d r a in a g e  b a s in .  C ook  In le t  i s  th e  p r in c ip a l  t e s t  
s i t e  f o r  th e  o c e a n o g ra p h ic  p o r t io n  o f th e  i n v e s t i ­
g a tio n ; a  n o r th - s o u th  t r a n s e c t  b e tw e e n  144 * a n d  
154* W . lo n g itu d e s  c o n ta in s  th e  p r in c ip a l  t e s t  
s i t e s  fo r  th e  p e r m a f r o s t  an d  h y d ro lo g y  p o r t i o n s .  
O c e a n  c u r r e n t  a n d  s u s p e n d e d  s e d im e n t  m e a s u r e ­
m e n t s ,  th a w  d e p th s ,  s t r e a m  ru n o f f ,  sn o w  d e p th s ,  
a i r  t e m p e r a tu r e ,  p re c ip i ta t io n ,  w in d  s p e e d  an d  
v e g e ta t io n  in v e n to r ie s  a r e  th e  p r in c ip a l  g ro u n d  
t r u t h  m e a s u r e m e n ts  b e in g  ta k e n .  R e p e t i t iv e  
u n d e r  flig h t p h o to g ra p h y  o f s e le c te d  a r e a s  w ill  
be  ta k e n  to  s u p p le m e n t  the  E R T S -1  RBV a n d  
M SS im a g e r y .  S e le c te d  s c e n e s  w ill be  su b jc d e d  
to  im a g e  e n h a n c e m e n t  te c h n iq u e s  a s  r e q u i r e d .  
D a ta  on  sn o w  f ie ld  c o v e r a g e ,  d r a in a g e  s y s t e m s  
a n d  h y d r o lo g ie ~ ru n o fI m e a s u r e m e n t s  w ill  be 
u s e f u l  in  d e v e lo p in g  snow  c o v e r - r u n o f f  r e l a ­
t io n s h ip s  f o r  i n t e r i o r  A la s k a . T h e  d a ta  on  
s e d im e n ta t io n  p a t t e r n s ,  o c e a n  c u r r e n t s ,  s i t e s  
o f  e r o s io n  a n d  d e p o s it io n , an d  n e a r s h o r e  
h y d ro g ra p h y  w ill be u s e fu l  in  th e  im p r o v e ­
m e n t  o f n a v ig a b le  w a te r s ,  h a r b o r  c o n s t r u c ­
tio n ,  s l l t a t io n  p r o b le m s ,  an d  in  th e  d ev e lo p :- 
m e n t  o f c o a s ta l  a r e a s  a ro u n d  C o o k  In le t .  D a ta  
o n  v e g e t a t i v e - p e r m a f r o s t  r e la t io n s h ip s  a n d  
p e r m a f r o s t  d i s t r ib u t io n  w ill be  a p p l ie d  in  th e  
p la n n in g  f o r  la n d  u s e  w h e re  n a tu r a l  r e s o u r c e s  
a r e  b e in g  u t i l i z e d  a n d  in d u s t r i a l  an d  t r a n s ­
p o r ta t io n  s y s te m s  d e v e lo p e d .
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TITLE: MONITORING WETLANDS AND SHALLOW WATER 
ECOLOGY ON ATLANTIC COASTAL PLAIN
PRINCIPAL INVESTIGATOR:
Dr. R ichard  R. A nderson
D epartm ent o f  B iology
The American U n iv e rs ity
W ashington, D. C. 20016
SUMMARY: ERTS-1 MSS and RBV d a ta  a re  b e in g
an aly zed  to  de te rm ine  u s e fu ln e s s  fo r  d e l in e a t in g  
s e v e ra l  e c o lo g ic a l  p a ram e te rs  in  w e tlan d s  and 
shallow  w a te r s .  In c lu d ed  a re  th e  fo llo w in g :
( I )  d e l in e a t io n  and mapping o f  w e tlan d s  p la n t  
com m unities w ith  la r g e  a e r i a l  co v erag e  and 
e s ta b lis h m e n t o f th e  b o u n d a rie s  o f  th e  w e tla n d s  
ecosystem  u s in g  s e n t ln a l  p la n t  s p e c ie s  and p h y s i­
c a l  c h a r a c t e r i s t i c s  such as  s o i l  m o is tu re ;  (2) 
e v a lu a t io n  and c l a s s i f i c a t i o n  o f w e tla n d s ,  u s in g  
v e g c ta t lo n a l  p a ra m e te rs , to  p ro v id e  in v e n to r ie s  
and e s t a b l i s h  management p r i o r i t i e s  in c lu d in g  
m ain tenance and p re s e r v a t io n  o f  w ild  l i f e  
p o p u la tio n s ;  (3) m o n ito rin g  o f  w e tlan d s  on a 
r e g u la r  b a s is  fo r  d e te c t io n  o f man-made o r  n a tu r a l  
s u c c e s s io n a l changes which may r e s u l t  in  r e ­
d u c tio n s  in  prim ary  p r o d u c t iv i ty ;  (4) d e l in e a t io n  
o f shallow  w ater a re a s  and e s t im a tio n  o f  d i s t r i ­
b u tio n  o f submerged v e g e ta t io n .  T hree p rim ary  
t e s t  s i t e s  in  M aryland, N orth C a ro lin a  and 
South C a ro lin a  a re  em ployed. I n - s i t u  s p e c t r a l  
r e f le c ta n c e  c h a r a c t e r i s t i c s  o f  p la n t  s p e c ie s ,  
mud f l a t s ,  shallow  w a te rs ,  e t c . ,  a re  b e in g  
c o l l e c te d .  A com puter program  has been developed  
to  an a ly ze  th e se  d a ta .  R e s u lts  a r e  ex p ec ted  to  
p ro v id e  ra p id ,  re g io n  wide m ethods f o r  a n a ly s is  
o f w e tlan d s  eco lo g y .
TITLE; STUDY OF THE CAPABILITY OP 
USING ERTS IMAGERY FOR AIR  
POLLUTION INVESTIGATIONS
PRINCIPAL INVESTIGATOR:
D r. A. R. B a r r in g e r  
B a r r in g e r  R e s e a r c h  L im it e d  
304 C a r l in g v ie w  D r iv e  
R e x d a le ,  O n t a r i o ,  C anada
SUMMARY: The o b j e c t i v e  o f  t h e  i n v e s t i ­
g a t i o n  i s  t o  e v a l u a t e  t h e  u s e f u l n e s s  o f  
th e  ERTS-A im a g e r y  f o r  a i r  p o l l u t i o n  
o b s e r v a t i o n s  i n  S o u th e r n  O n t a r i o ,  C a n a d a . 
A tte m p ts  w i l l  b e  made t o  d e t e c t  r e g i o n a l  
t r e n d s  i n  a i r  p o l l u t i o n  l e v e l s  r e s u l t i n g  
from  i n t e r - r e l a t e d  n o n - l i n e a r  c o m p le x  
f u n c t i o n s  s u c h  a s  (1 )  p o p u l a t i o n  g r o w th
(2 )  i n d u s t r i a l  a c t i v i t y  (3 )  e n e r g y  
g e n e r a t i o n  (4 ) r u r a l  an d  u r b a n  p o p u l a t i o n  
d i s t r i b u t i o n s  (5 ) s l ia p e  and  s i z e  o f  
m e t r o p o l i t a n  c o m p le x e s  (6 ) s o c i a l  and  
e c o n o m ic  ch a n g e  p a t t e r n s  (7 )  p r e v a i l i n g  
m a jo r  m e t e o r o l o g i c a l  c o n d i t i o n s  (8 )  i n t r o ­
d u c t io n  o f  r e g i o n a l  and l o c a l  a i r  p o l l u ­
t i o n  l e g i s l a t i o n .
The ERTS m u l t i - s p e c t r a l  im a g e r y  w i l l  b e  
u s e d  i n  c o n j u n c t io n  w i t h  g ro u n d  l e v e l  
a i r  q u a l i t y  m e a s u r em en ts  t o  a s s e s s  t h e  
f a c t o r s  (1 ) t o  (8 ) a b o v e ,  w h ic h  s h o u ld  
b e  o f  s i g n i f i c a n t  i n f l u e n c e  t o  show  a s  
m u l t i - s p e c t r a l  c h a n g e s  i n  100 m i l e  s q u a r e  
ERTS im a g e  f o r m a t s .
TITLE: A STUDY ON THE UTILIZATION OF ERTS-
A IMAGERY FOR NATURAL RESOURCES 
INVESTIGATIONS IN THE PHILIPPINES
PRINCIPAL INVESTIGATOR:
M r. F ern a n d o  S .  B u s u e g o , J r .  
D i r e c t o r ,  B u rea u  o f  M in es  
M a n ila ,  The P h i l i p p i n e s
SUMMARY: T he p r o j e c t  a im s t o  d e v e lo p  th e
i n s t i t u t i o n a l  fram ew ork  th ro u g h  w h ic h  
i n t e r a g e n c y  c o o r d i n a t i o n ,  p r o c e s s i n g  a n a l y ­
s i s ,  s t o r a g e ,  .and en d  u s e s  o f  e a r t h  r e ­
s o u r c e s  s u r v e y  d a t a  ca n  b e  e f f e c t i v e l y  
m o b i l i z e d  c o n s i s t e n t  w i t h  th e  i n t e r d i s c i p ­
l i n a r y  and m u l t ia g e n c y  n a t u r e  o f  e a r t h  
r e s o u r c e s  s u r v e y  t e c h n o lo g y .  A p p l i c a t i o n  
o f  ERTS-A im a g e r y  w i l l  b e  t e s t e d  on th e  
f o l l o w i n g :  t e c t o n i c  ( g e o l o g i c  s t r u c t u r a l )
s t u d i e s ,  p r e p a r a t io n  o f  p h o to  m a p s, im ­
p r o v e m e n t  o f  b a s e  m a p s, la n d  u t i l i z a t i o n  
and c o a s t a l  and n e a r  s h o r e  m a r in e  s t u d i e s .  
ERTS-A im a g e r y  u s in g  c o l o r  c o m p o s it e  
t r a n s p a r e n c i e s  and s i n g l e  b a n d  s p e c t r a l  
im a g e s  w i l l  b e  s t u d i e d  b o th  m e g a s c o p i c a l l y  
and i n  d e t a i l  u n d er  as much m a g n i f i c a t i o n  
a s p r a c t i c a l .  L in e a r  f e a t u r e s  s u c h  a s  
f a u l t s  and f o l d s ,  a l ig n m e n t  o f  v o l c a n o e s ,  
d e l i n e a t i o n  and s t r u c t u r e  o f  m a jo r  r o c k  
t y p e s  w i l l  b e  s t u d i e s ,  a s s e s s e d  and p l o t ­
t e d  on  th e  b a s e  map p r e p a r e d  from  ERTS 
im a g e r y .  A tte m p ts  w i l l  b e  made t o  d e l i n ­
e a t e  u rb a n  a r e a s ,  c u l t i v a t e d  a r e a s ,  
f o r e s t e d  a r e a s  and th e  in f o r m a t io n  w i l l  
b e  com p ared  w i t h  th e  e x i s t i n g  i n f o r m a t io n .
TITLE: INVEST. COASTAL POLLUTION AND EVALUATE
SATELLITE SYSTEM AS ENVIRONMENTAL 
MANAG OIENT TOOL
PRINCIPAL INVESTIGATOR:
R ichard  J .  Callaw ay 
P a c i f i c  NU Water L abora to ry  
C o r v a l l i s ,  Oregon 97330
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TITLE: REMOTE SENSING OF RECLAMATION PROJECTS 
FROM SATELLITES (SR 208)
PRINCIPAL INVESTIGATOR:
L arry  D. C ast 
Bureau o f R eclam ation  
Denver F e d e ra l C en ter 
D enver, C olorado 80225
SUMMARY: Imagery usage  w i l l  be d i r e c te d  tow ard
th e  In v e s t ig a t io n s  o f proposed p r o je c t s  and th e  
m o n ito rin g  o f com pleted p r o je c t s  which a re  lo c a te d  
In  n o r th - c e n t r a l  C o lo rado . T hree p rim ary  f i e l d s  
o f I n t e r e s t  have been s e le c te d :
O p e ra tio n  and m ain tenance—M o n ito rin g  e x i s t in g  
r e s e r v o i r s  and d i s t r i b u t i o n  system s f o r  seep ag e , 
a lg ae  grow th and p o l lu ta n t s  In  r e s e r v o i r s ,  and 
d e p o s i t s  and In f lu x  o f  s i l t  In  r e s e r v o i r s .
G eologic I n v e s t ig a t io n s —L o ca tio n  of g e o lo g ic  con­
t a c t s ,  f a u l t s ,  s t r u c tu r e s  and p o s s ib le  geo therm al 
a c t i v i t y .
A g r ic u l tu re — S o il  m apping, d e te rm in a tio n  o f h ig h  
ground w a te r , lo c a t io n  o f  zones o f s o i l  s a l i n i t y ,  
and land  u s e s .
TITLE: CORRELATION OF SATELLITE AND GROUND DATA
IN AIR POLLUTION STUDIES
PRINCIPAL INVESTIGATOR:
D r . ’E. C. Copeland
Old Dominion U n iv e rs i ty
R esearch  F o unda tion
D ep t, o f G eophysica l S c iences
N o rfo lk , Va. 23508
TITLE: DETERMINE THE BOUNDARIES OF A/C AND S/C
DATA WITHIN WHICH USEFUL WATER QUALITY 
INFO CAN BE EXTRACTED
PRINCIPAL INVESTIGATOR:
W.C. Coulbourn
Grumman Ecosystem s C o rp o ra tio n  
B ethpage , New York 11714
TITLE; ASSESSMENT AND ECOLOGICAL DIAGNOSES FOR 
HEALTH ACTIONS IN AREA OF CALI, COLOMBIA
T IT L E : E R T S  ST U D Y  O F  E U T R O P H IC A T IO N  
O F  IN L A N D  L A K E S
P R IN C IP A L  IN V E S T IG A T O R ;
P h i l l i p  E . C h a s e
B e n d ix  A e ro s p a c e  S y s te m s  D iv is io n
B e n d ix  C o r p o r a t io n
A nn  A rb o r ,  M ic h ig a n  48107
SU M M A R Y : T h is  e x p e r im e n t  is  c o n c e rn e d  w ith  
th e  f e a s ib i l i ty  of E R T S  a s  a  b r o a d  s u r v e y  m o n i to r  
of th e  s ta t e  o f e u t ro p h ic a t io n  o f in la n d  la k e s .  T h e  
p r i m a r y  in d ic a to r  is  th e  c o io r  o f  th e  w a te r .  T h e  
p r e s e n c e  o f g r e e n  o r  b lu e - g r e e n  a lg a l  b lo o m s  is  
one  c o io r  in d ic a to r .  O th e r  in d ic a t io n s  a r e  b lu e  
(b la c k  in  th e  im a g e ry ) ,  g re e n  and  b ro w n  la k e s .
T h e  la k e  c o lo r  w ill  b e  r e c o r d e d  by  s u r f a c e  o b s e r ­
v a tio n  ( F o r e l  c o lo r  c la s s i f i c a t io n ) ,  a i r c r a f t  c o lo r  
p h o to g ra p h y  a n d  MSS i rh a g e ry  an d  b y  E R T S  MSS 
and  R BV  im a g e r y .  C h e m ic a l  m e a s u r e m e n ts  w ill  
b e  m a d e  o f th e  t e s t  la k e s  in  O a k lan d  C ounty , 
M ic h ig a n  to  r e l a t e  c o lo r  and  a lg a l  b lo o m s  to  w a te r  
q u a l i ty  and  e n r ic h m e n t .  C o r r e l a t i o n  of c h e m ic a l  
and  b io lo g ic a l  in d ic a to r s  to  w a te r  c o lo r  w il l  b e  
p e r f o r m e d  a s  w e ll a s  r e c o r d in g  th e  f r e q u e n c y  an d  
in te n s i ty  o f a lg a l  b lo o m s .  L a k e s  v a r y in g  in  s i z e  
f r o m  f if ty  a c r e s  to  1100 a c r e s  w il l  b e  u s e d  to  d e ­
te r m in e  m in im u m  la k e  s iz e  fo r  b ro a d  s u r v e y  
m o n ito r in g .  C o m p u te r  p r o c e s s in g  and  s t a t i s t i c a l  
a n a ly s i s  te c h n iq u e s  w ill b e  e m p lo y e d  u s in g  th e  
C o m p u te r  C o m p a tib le  T a p e s  (C C T ). T h e  r e s u l t s  
a r e  e x p e c te d  to  be  d i r e c t l y  a p p l ic a b le  to  in i t ia l  
c a t e g o r iz a t io n  an d  s u b s e q u e n t a l e r t  o f la k e s  
u n d e rg o in g  c u l tu r a l  e u tro p h ic a t io n .
PRINCIPAL INVESTIGATOR:
O r. R .G . Delgado
H ealth  D iv is io n
U n iv e rs id ad  Del V a lle -C u ip
APDO 7169
C a l i ,  Colum bia
TITLE ; ECOLOGICAL APPLICATIONS OF EHTS-A 
IMAGERY
PRINCIPAL INVESTIGATOR:
Dr. H.R. DeSeim 
Graduate Program in  Ecology 
hoQ 10th  S t .
Hie I to iv e r s lty  o f  Tennessee 
K n o x v ille , Tennessee 37916
61BMAKY: T his research  w i l l  lo c a te  major and
minor v eg eta tlo n -eco sy stem  in te r fa c e s  and m onitor  
changes in  ecosystem  character in  rough landscape  
o f  th e  Southern i^ p a lach lan  Mountains o f  ea stern  
Tennessee and w estern  North C arolina. The study  
tr a n s e c t  ex ten d s from th e  Great Smoky Mountains 
acro ss  th e  G reat V a lley  to  the Cumberland Moun­
t a in s .  c y c l ic  phenomena being m onitored .are 
1 ) w in ter  l e a f  c h lo r o s is  in  evergreen  tr e e s  and 
shrubs, and 2 ) lo c a t io n  and ph enologic d evelop - 
Bient o f  n e a r ly  pure stan d s o f  Appalachian hard­
wood v e g e ta t io n  such as tu l ip  t r e e .  C atastrophic  
changes in  h igh  e le v a t io n  fo r e s t s  due to  the  
d eath  o f  f i r  and mapping o f  in te r fa c e s  o f  known 
ecosystem s p r e se n t ly  mapped a t s c a le s  from 
1 :633 ,600  to  1 :3600 are to  be accom plished. Ground 
tr u th , u n d e r f lig h ts ,  and scanning o f  imagery by 
J3ic r o ^ n s ito m e te r  f a c i l i t a t e  com parisons.
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UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL STABI L I ZAT I ON A N D  C ON S E R V A T I O N  SERVICE
Program Performance Division 
Aerial Photography Branch 
17 50 South Redwood Rd . , Rm. 133 
Salt Lake City, Utah 84104
January 18, 1973
Mr. E. Wayne Chapman 
University of Montana 
Missoula, Montana 59801
Dear Mr. Chapman:
Thank you for your letter of December 22, 1972.
We were involved only with the Corn Blight Watch 
Experiment which was reported by Mr. J. W. Clifton in 
Volume 5 of the fourth Annual Earth Resources Program 
Review. The conclusions as reported by Mr. Clifton 
in the above mentioned report express guite well what 
we have drawn from our involvement in the experiment. 
Specifically, the experiment demonstrated that crops 
and stress produced by disease could be identified by 
.remote sensing techniques.
NASA programs or experiments are required by law to be 
of experimental nature. We feel that in conjunction 
with NASA, procedures could be perfected to identify 
crops; detect disease and insect infestation; déterminé 
crop acreage and other related activities.
Remote sensing is still very much in the experimental 
stage and, therefore, is not incorporated in any of our 
agricultural programs. We do feel that remote sensing 
procedures can be developed and perfected to yield real, 
live information which would be very useful in the 
management of agricultural programs; crop inventory; 
acreage measurement; and many other ways.
We have experiments in progress involving 18 counties 
in 15 States using the ERTS imagery. We expect to 
continue our experiments with SKYLAB and ERTS-B.
Sincerely,
/%ames F . Davis, Chief 
L/ Aerial Photography Branch
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UNITED  STATES DEPARTMENT OF AGRICULTURE
STATISTICAL REPORTING SERVICE 
W A S H IN G T O N . D C . 20ZS0 January 9, 1973
E. Wayne Chapman 
University of Montana 
Missoula, Montana 59801
Dear Wayne:
I am enclosing one of our progress reports whicli sunmarizes some of our re­
sults obtained from aircraft data which is a part of our ERTS investigation.
The Statistical Reporting Service is one of several agencies who are investi­
gating ERTS data and the following is a brief description of our ERTS-1 in­
vestigation.
Hie objectives of this investigation are to develop techniques of crop specie 
identification and acreage measurement utilizing space imagery. Three sources 
of information i\rill be used, satellite, aircraft, and ground. The ground data 
will come from a probability sample of the study areas in Missouri, South Da­
kota, Kansas, and Idalio. Hie aircraft data will come from two randomly se­
lected flight lines in each study area. Each source of information could 
theoretically provide an unbiased estimate of the crop acreage for each stud̂  
area. It is assumed and critical that the satellite and aircraft imagery 
provide enough resolution to be able to identify all areas within the pri­
mary sampling unit. The first major effort will be to compare the results 
from the three data sources. The second major effort will be to evaluate al­
ternative ways of using this information in a multistage sample desi^. The 
other approach is to use concepts of multiple frame sampling. In this approach, 
we would attenpt to combine all three sources of data vhere the ground data 
would always be complete; satellite data could lie conplctc or incomplete 
(cloudy or partly cloudy) and tlie aircraft could be either complete or par­
tially complete. Thus, an estimate of the stuify areas will be available re­
gardless of the cloud conditions. The three information sources in either 
multiple frame or multistage sajiçiling, together with related costs will point 
to the most efficient way to use the data. Hopefully, an optimal combination 
of all sources i/ill show a marked improvement over any one source for making 
crop acreage estimates.
In regard to your question, ’hhere in the field of resource management do I 
think ERTS data shows the most promise?” I am afraid liy opinions are pretty 
biased. I would suggest you try to get a copy of the proceedings from a sim- 
inar. Operational Remote Sensing sponsored by the American Society of Photo- 
gransnentry, February 1972. I hope this will help you.
Sincerely,
DONAI.D H. VON STEEN
Head, Remote Sensing
Research and Development Branch
Researdi Division
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A ppendix  I
INSTITUTE OF AGRICULTURAL SCIENCES 
PALMER RESEARCH CENTER 
P.O. BOX AE
PALMER. ALASKA 99645
U n i v e r s i t y  o f  A l a s k a
January 9, 1973
E. Wayne Chapman 
Forestry Dept.
University of Montana 
Missoula, Montana 59801
Dear Mr. Chapman:
In response to your le tte r  of January 2 I would briefly Sciy that 
our project has two aspects, f irs t  from an ecological standpoint, 
we are interested in the types of vegetative associations which 
may be observable from the ERTS imagery or digital taype. From an 
agricultural standpoint, we believe that existing vegetation w ill 
provide a clue to the so il, water, and climate complex and that 
this may give us a very reliable indication of what areas have 
agricultural potential. Many areas of Alaska have never been farmed 
and l i t t le  knowledge has been compiled concerning the capability 
of thousands of square miles in this great land. We believe that 
the ERTS approach is a feasible way of looking at the large areas 
and perhaps the only economical w^ that this project could be com­
pleted within a cost framework which is realis tic .
Our approach is mainly based upon the use of a color additive viewer 
which we have not yet had the opportunity of using. I hope that the 
information I have derived is adequate for your purposes.
Sincerely,
C. Ivan Branton
Agricultural Engineering Dept.
CIB/mg
PLEASE REPLY BY A IRM AIL
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Appendix J
If
Montana
pictures 
are help­
ing U M  geologists 
study earthquake con­
ditions in the state.
J
DR. ROBERT M. Weidman, University of Mon­
tana geology professor, studies a series of fault 
lines in a photograph mosaic of Montana. The 
photos were taken by the Earth Resources 
Satellite as part of an international program 
studying the earth’s resources. (UM Photo)
By NOELLARRIVEE 
DM Information Services
Satellite pictures of Montana — l>eanted to 
earth from the Earth Resources Technology 
Satellite (ERTS-l) — are proving to be a 
valuable aid to University of Montana
geologists studying fault structures and 
geologic mapping methods.
The satellite pictures are being used under 
a $90,000 contract with the National 
Aeronautics and Space Administration 
(NASA) In addition to the satellite
photographs, high altitude a i r p l a n e
photographs of sdocted areas also are being
studied.
The UM investigation is part of an in­
ternational program providing data to 300 in­
vestigators in 43 stales, the Dtslncl of Colum­
bia and in 36 foreign countries, the greatest 
nurnber ever approved for a space program 
Dr. Robert M. Weidman. UM geology pro­
fessor. is the principal investigator for the 
Montana project.
Dr. Weidman said the satellite photographs 
an area 115 miles wide in each revolution of 
the earth and provides new coverage of Mon­
tana every 18 days, cloud conditions permit­
ting,
"A composite of the pictures covering the 
entire stale is small enough to / it  on a desk 
top but still Contains sufficient detail to locate 
common geographic and geologic features," 
Dr. Weidman explained.
"Data from Üie pictures m i^ t  also be used 
in various disciplines beside geology, such as 
agriculture, forestry, geography, hydrology 
and ecology," Dr. Weidman said.
"The important thing about ERTS is that 
the coverage is repetitive. Every 18 days we 
have à complete survey of Montana and we 
can note any changes in moisture or vegeta­
tion which aid in recognising geological 
formations."
Special attention is being paid to faults 
along which horizontal movements have ap­
parently occurred. The work is being 
coordinated with earthquake and magnetic 
studies under the direction of Dr. Gary W. 
Crosby, another UM geology professor, and a 
field investigation by Dr. James L. Talbot, 
cftainrian and professor of geology at UM.
"The pictures received from the one-ton 
buttcrfly-^aped satellite are taken in different 
parts of the spectrum, allowing us to identify 
certain features such as bodies of water, 
vegetation and different types of rock. The 
black and white photographs may be com­
bined to make a type of color photo. "
Major portions of the study as they apply to 
Montana are being carried out by Dr. Weid­
man and two other UM geology professors. 
Dr. David Alt and Dr. Donald W Hyndman. 
They are assisted by three UM graduate 
assistants — Raymond E. Flood, Reno. Nev.; 
Katfrarine Taft Hawley. Clinton, N.Y., and 
Linda K. Wackwitz, Bethesda, Md.
Co-investigators on the project are Willis 
M. Johns and Richard B. Berg of the Montana 
Bureau of Mines and Geology, Butte. 
Professors William J. McMannis of Montana 
State University. Bozeman, and Charles 
Vitafiano of Indiana University, Bloomington 
arc consultants.
Dr. Weidman said, “ The information we 
receive will be another key to understanding 
the past growth of fracture systems in the 
rocks underlying Montana with an eye toward 
their relationship to the state's mineral 
resources."
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2
 e n v i r o n m e n t a l
RESEARCH INSTITUTE
mai 0^ MICHIGAN f o r m e r l y  w i l l o w  r u n  l a b o r a t o r i e s , t h e  u n i v e r s i t y  o f  Mi c h i g a n
P. O BOX 618 •  ANN ARBOR •  MICHIGAN •  48107 PHONE (313) 4 8 3 -0 5 0 0
INFRARED AND OPTICS DIVISION 1 February 1973
Mr. E. Wayne Chapman 
U n iv e rs ity  of Montana 
F o re s try  Department 
M issou la , Montana 59801
Dear Mr. Chapman;
Here a re  th e  summary a b s t r a c t s  o f the p ro je c ts  th a t  I  am engaged in .  
For th e  most p a r t  we a re  j u s t  beg in n in g  to  analyze  some o f the  ERTS d a ta  
we have re c e iv e d , th a t  covers our t e s t  s i t e s .  I t  i s  to o  e a r ly  a t  t h i s  tim e 
to  g ive any co n c lu siv e  r e s u l t s .
You may be in te r e s te d  in  a NASA symposium o f  ERTS r e s u l t s  to  be 
h e ld  in  W ashington, D. C ., March 5 -9 , 1973. P le a se  co n tac t D r. S tan ley  C. 
Freden fo r  f u r th e r  in fo rm atio n  on th i s  sym posium .•
Dr, S ta n le y  C. Freden
Goddard Space F lig h t  Center/C ode 650
G re e n b e lt, M aryland 20771
(301) 982-5818, 4416
The p u b lic a tio n s  of r e s u l t s  o f th a t  symposium should  p ro v id e  the 
in d ic a tio n s  of u se fu l a p p l ic a t io n s  o f  ERTS im agery.
S in c e re ly ,
Fabian  C. Polcyn 
R esearch  E ngineer
FCP:njm 
enc.
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Appendix L )
UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE_______________________________________________
Wtshlncton, D. C. 202S0
May 26, 1972
Advisory INTERA- 15 
'' From: Kenneth E. G ran t, A d m in is tra to r
Re: Remote Sensing
The a tta c h e d  s ta tem en t d e s c r ib e s  S C S -re la ted  developm ents in  th e  use 
o f remote sen s in g  fo r  a c q u ir in g  d a ta  about s o i l ,  w a te r , and r e la te d  
re so u rc e s . Our W ashington o f f i c e  has a  com m ittee th a t  d e a ls  w ith  
rem ote se n s in g . T h is com m ittee i s  a v a i la b le  to  a s s i s t  w ith  q u e s tio n s  
t h a t  a r i s e  in  th e  f i e l d .  We ask  th a t  s t a t e  c o n s e rv a tio n is ts  and RTSC 
d i r e c to r s  co n tin u e  to  keep us inform ed about rem ote sen sin g  developm ents 
in  t h e i r  a re a s .
Kenneth E. Grant 
A d m in is tra to r
A ttachm ent
AC
STC
RTSC
WO
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SCS and Remote Sensing*
Remote sen s in g  has become th e  p o p u la r g e n e ra l term  ap p lied  to  sen sin g  
from a d is ta n c e , e s p e c ia l ly  from s a t e l l i t e s  and a i r c r a f t .  I t  in c lu d es  
panchrom atic a e r i a l  photography, which th e  S o i l  C onservation  S erv ice  
helped p io n e e r . A nother te rm  th a t  has appeared i s  E a rth  Resources 
Survey (ERS). T his r e f e r s  to  u s in g  rem ote se n s in g  to  o b ta in  d a ta  about 
the re so u rces  of p la n e t e a r th .  The term  a p p a re n tly  evolved along w ith  
s p e c u la tio n  about what can be seen  from e a r th - o r b i t in g  s a t e l l i t e s .
Another new term  i s  E arth  R esources Technology S a t e l l i t e  (ERTS).
In  December 1969, a USDA E a rth  R esources Survey Committee was ap p o in ted . 
Eleven USDA a g e n c ie s , in c lu d in g  SCS, a re  re p re s e n te d . A. C. O rvedal, 
A s s is ta n t  D ire c to r , S o il  Survey I n t e r p r e t a t i o n s ,  and Jerome A. Gockowskl, 
D ire c to r , C arto g rap h ic  D iv is io n , a re  on t h i s  com m ittee. At th e  same tim e 
an SCS committee was appo in ted  to  d e a l w ith  SCS i n t e r e s t s  in  remote 
sen s in g . T his committee now c o n s is ts  of A. C. O rvedal, J .  A. Gockowskl,
J .  W. Haas, D. M. W h itt, V. M. B a th u rs t ,  G. B. W elsh, and N. F , Bogner.
In  Ju ly  and August of 1970, O rvedal and Gockowskl p a r t ic ip a te d  in  a 
governmentwide p o lic y  stu d y  o f th e  e n t i r e  f i e l d  o f  rem ote se n s in g , from 
a i r c r a f t  as w e ll  as from s a t e l l i t e s .  The s tu d y , made a t th e  req u es t o f 
th e  O ffice  o f Management and B udget, focused on e a r th  re so u rce  surveys 
and o th e r p o te n t i a l  u ses  f o r  rem ote se n s in g . The N a tio n a l A eronau tics 
and Space C ouncil o f th e  W hite House s t a f f  p rov ided  the  chairm anship .
Views o f p o te n t ia l  c i v i l i a n  u s e rs  o f  advanced rem ote sen sin g  p ro d u c ts , 
in c lu d in g  USDA, were so u g h t.
I t  was recogn ized  th a t  peop le  in  A g r ic u ltu re , in c lu d in g  s o i l  s c i e n t i s t s ,  
p la n t s c i e n t i s t s ,  e n g in e e rs , h y d ro lo g is te ,  and c o n s e rv a t io n is ts ,  a re  im­
p o r ta n t  p o te n t ia l  u se rs  of rem ote sen sin g  developm ents. More re se a rc h  
and development in  rem ote sen sin g  i s  n e c e ssa ry  b e fo re  we w i l l  know what 
i s  p r a c t i c a l  in  SCS o p e ra tio n s . Y e t, the  p ro sp e c ts  a re  good enough to  
j u s t i f y  in v e s t ig a t io n  of p o s s ib le  a p p l ic a t io n  to  SCS program s.
The f i r s t  E a rth  Resources Technology S a t e l l i t e  (ERTS-A) w i l l  be se n t 
a lo f t  in  June 1972. I t  w i l l  be equipped w ith  a r e tu r n  beam v id lco n  (RBV) 
system which c o n s is ts  of th re e  t e le v is io n  cameras aimed a t  th e  same sp o t 
on th e  e a r th ’ s su rfa c e . Each of th e se  TV cameras w i l l  be s e n s i t iv e  to  a 
d i f f e r e n t  p a r t  of th e  spectrum , one in  th e  g re e n , one in  th e  re d , and one 
in  th e  near in f r a r e d .  The second system  w i l l  be a  m u lt is p e c tra l  scan n er 
(MSS). T his w i l l  sense four w avelength  bands lo o k in g  a t th e  same sp o t on 
the  ground. ERTS-A w i l l  f l y  in  a  p o la r  o r b i t  and w i l l  cover th e  same 
spo t on th e  e a r th  every 18 days a t  th e  same tim e of day. These remote 
sen s in g  system s w i l l  send e le c t r o n ic  s ig n a ls  back to  e a r th  th a t  w i l l  be 
converted  in to  image form. The r e s o lu t io n  o f th e s e  remote sensing  system s 
i s  about 300 f e e t ;  th d t  i s ,  a scene  300 f e e t  in  d iam ete r would be v i s ib l e  
in  th e  im agery. This o r b i t  w i l l  be ap p rox im ate ly  500 m iles  from e a r th .
♦ D is tr ib u te d  w ith  A dvisory INTERA-15 » d a ted  May 26 , 1972, Re: Remote Sensing
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ERTS-B w i l l  be launched In  November 1973 and i s  s im i la r  to  ERTS-A except 
th a t  I t  p robab ly  w i l l  have a f i f t h  band, a h e a t - s e n s i t iv e  scanner capable 
o f d e te c tin g  h ea t energy.
Skylab, which w i l l  be launched sometime in  1973, l a  an e a r th - o r b i t in g  
s a t e l l i t e  th a t  w i l l  be manned in te r m i t t e n t ly  and hence w i l l  p ro v id e  fo r  
f i lm  reco v ery . Many re se a rc h  "packages" w i l l  be on board  S kylab. Most 
o f  th e se  w i l l  be fo r  m edical and space re s e a rc h , b u t some w i l l  be fo r  
f u r th e r  te s t in g  o f rem ote sen sin g  of th in g s  on p la n e t  e a r th .  Skylab i s  
to  be launched unmanned, bu t th e  fo llo w in g  day th r e e  a s tro n a u ts  w i l l  be 
s e n t a l o f t  and th ey  w i l l  e n te r  Skylab in  o r b i t .  They w i l l  be on board 
f o r  28 days. U nlike ERTS, Skylab w i l l  c a r ry  a f i lm  camera system  th a t  
w i l l  have s ix  ch an n e ls . T his system  g iv es  much b e t t e r  r e s o lu t io n  w ith 
th e  d a ta  on f ilm . Skylab a ls o  w i l l  c a r ry  a 10-channel m u lt is p e c tr a l  
scann ing  system . About a 3-month tu rnaround  tim e i s  re q u ire d  b e fo re  th e  
n ex t crew can be launched . The nex t a s tro n a u ts  w i l l  go up fo r  a period  
of 56 days. They w i l l  r e tu r n ,  and a f t e r  30 days an o th e r group o f  a s t r o ­
n a u ts  w i l l  go up f o r  a  p e rio d  o f 56 days.
GOES i s  th e  acronym fo r  G eo sta tio n ary  O p e ra tio n a l Environm ental S a t e l l i t e .  
The f i r s t  GOES i s  now scheduled fo r  lau n ch in g  in  l a t e  1973; th e  second,
6 months l a t e r ;  and th e re  may be a t h i r d .  U nlike ERTS and Skylab, th e  
o r b i t  fo r  GOES w i l l  be e a r th  synchronous. GOES w i l l  be sen t to  d i f f e r e n t  
lo c a t io n s .  Each w i l l  be "parked" about 22,000 m ile s  from e a r th ,  and each 
w i l l  rem ain in  th e  same p o s i t io n  in  r e l a t io n  to  e a r th .  Each GOES w i l l  be 
a b le  to  "view" n e a r ly  h a l f  of our p la n e t  c o n tin u o u s ly . Among th e  uses 
p lanned  fo r  GOES i s  the  r e la y  of d a ta  sensed  by a  v a r ie ty  of w idely  d is ­
p e rse d , on -the-g round  autom ated s e n s o rs , such a s  w eather gages, r iv e r  
g ag es , se ism om eters, and snowpack gages.
What i s  SCS doing in  the  a re a  of e a r th  re so u rc e s  surveys?
NASA has s e t  up f l i g h t s  th a t  s im u la te  th e  ERTS o u tp u t d a ta . Areas 
covered a re :  CARETS, which extends from a l in e  from Richmond to
W ashington, D .C ., to  B a ltim o re , eastw ard  to  th e  A tla n t ic  C oast; ARETS, 
in  m iddle A rizona; and two la rg e  a re a s  i n  C a l i fo rn ia .  These a re  being 
flown w ith  U-2 a i r c r a f t ,  and o u tpu t d a ta  from cameras a re  a v a i la b le .
The in te n t  i s  to  develop h an d lin g  p rocedures w ith in  v a r io u s  agencies 
and a lso  to  determ ine th e  v a lu e  o f h ig h - a l t i tu d e  im agery. The S o il  
C onservation  S erv ice  i s  study ing  c e r ta in  p o r t io n s  o f  th e  CARETS a rea  
in  which SCS has programs such as RC&D, S o il  Survey, and W atersheds.
This im agery w i l l  be provided fo r  e v a lu a tio n  to  th e  te c h n ic a l  s p e c ia l i s t s  
working in  th e se  program s.
A fte r  ERTS-A i s  launched th i s  summer, NASA w i l l  p ro v id e , w ith o u t c o s t ,  
one s e t  of ERTS imagery to  the  Departm ent o f A g r ic u ltu re . ASCS w i l l  
r e c e iv e  th i s  f o r  th e  USDA. The ASCS P h o to g rap h ic  L abora to ry  a t  S a l t  
Lake C ity , U tah, i s  to  p ro cess  t h i s  im agery and p ro v id e  re q u ire d  Imagery 
to  o th e r  USDA agenc ies a t  u n i t  c o s t f o r  t h i s  s e rv ic e .  SCS i s  to  buy 
re p ro d u c ib le s  from ASCS and develop  them in  i t s  SCS c a r to g ra p h ic  u n i ts  
to  w hatever s c a le  of p r in t s  SCS re q u ire s  fo r  e v a lu a tio n .
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SCS w i l l  p a r t i c ip a te  in  w idespread t e s t i n g  o f outputc; fronri ERTS-A.
These o u tp u ts  w i l l  be made a v a ila b le  to  SCS in  p h o to g ra p h -lik e  images 
th a t  a re  square  fram es of a re a s  100 by 100 m ile s . The a re a  s e le c te d  
fo r  t h i s  s tudy  i s  th e  Texas C o asta l B asins A rea. T his a re a  i s  a d ja c e n t 
to  th e  Gulf o f Mexico and ex tends about two c o u n tie s  in lan d  along th e  
c o a s t of Texas. SCS has many program a c t i v i t i e s  underway in  t h i s  a re a ,  
in c lu d in g  a comprehensive co o p e ra tiv e  r i v e r  b a s in  s tu d y , s e v e ra l  sm all 
w atershed  p r o je c t s ,  s o i l  su rv ey s , and RC&D p r o je c ts  in  a d d itio n  to  th e  
u su a l co n se rv a tio n  p lan n in g . SCS p lan s  to  g e t fo u r complete coverages— 
one fo r  each season—fo r com parative purposes and p rov ide  th e s e  d a ta  fo r  
e v a lu a tio n  to  th e  s p e c i a l i s t s  working on th e s e  a c t i v i t i e s .
SCS does no t have p la n s  a t  t h i s  tim e fo r  t e s t i n g  o u tp u ts  from Skylab 
b u t  w i l l  have th e  o p tio n  o f p u rch as in g  and t e s t in g  th e se  o u tp u ts .
SCS, in  i t s  Snow Survey and W ater Supply F o re c a s tin g  Program , i s  p lann ing  
to  t r y  o u t th e  use of GOES fo r  r e la y in g  d a ta  from two or th re e  autom ated 
snow survey  s ta t io n s .
SCS i s  no t l im it in g  i t s  i n t e r e s t  in  advanced rem ote sen sin g  to  what can 
be done from s p a c e c ra f t .  I t  i s  w atch ing  developm ents in  th e  e n t i r e  
f i e l d ,  in c lu d in g  s o p h is t ic a te d  se n s in g  from a i r c r a f t ,  fo r  th e  purpose 
o f  t e s t in g  and e v a lu a tin g  th o se  developm ents th a t  seem l i k e ly  to  have 
a p la c e  in  SCS o p e ra tio n s . A cco rd ing ly , as  o p p o r tu n it ie s  a r i s e ,  SCS i s  
beg inn ing  to  t e s t  in f r a r e d ,  c o lo r ,  and m u l t i s p e c t r a l  im agery fo r  u s e fu l­
n ess  in  s e v e ra l  o f i t s  program s. In  some s t a t e s ,  l i a i s o n  has been 
e s ta b l is h e d  between SCS people  and r e s e a rc h e rs  in  rem ote sen s in g  in  
o th e r  ag en c ies  and a t  s t a t e  u n iv e r s i t i e s .  In  T exas, some p i l o t  i n v e s t i ­
g a tio n s  have been made in  co o p e ra tio n  w ith  th e  NASA Manned S p acec ra ft 
C en te r, and expansion o f the  c o o p e ra tiv e  work th e re  i s  be ing  co n sid e red .
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Appendix M
M I C H I G A N  S T A T E  U N IV E R S IT Y  e a s t  l a n s i n g  • M ic h ig a n  « b j j
DEPARTMENT OF CROP AND SOIL SCIENCES • 101 SOIL SCIENCE BUILDING
February 1» 1973
Mr. E. Wayne Chapman 
F o re s try  Department 
U n iv e rs ity  o f Montana 
M issou la , Montana 59801
Dear Mr. Chapman:
The fo llo w in g  i s  a b r i e f  summary of our in v e s t ig a te  of ERTS d a ta .
T i t l e : Use o f  ERTS d a ta  fo r  a m u lt id is c ip l in a ry  a n a ly s is  of M ichigan
R esources; Task I I I  -  E v a lu a tio n  o f s o i l s ,  s o i l  c o n d itio n s  and 
lan d fo rm s.
Summary:
The o b je c tiv e s  of t h i s  su b p ro je c t a re  to  develop and app ly  techn iques 
fo r  u s in g  remote sen so r in fo rm atio n  as a complementary method to  a e r i a l  
photography and f i e ld  o b se rv a tio n s  f o r  id e n t i fy in g  and mapping s o i l s  and 
landform s and fo r  r e l a t in g  s o i l  c o n d itio n s  and landform s to  land  use and 
p o te n t i a l  lan d  u ses .
B asic  s o i l s  in fo rm atio n  i s  needed fo r  s i t e  s e le c t io n s  and management d e c is io n s  
having  to  do w ith  re g io n a l and lo c a l  p lann ing  in  r u r a l ,  suburban and urban 
a re a s .  S o i l  and landforra maps of vary ing  degree of d e t a i l ,  from c u r re n t  
medium in te n s i ty  (4" = 1 m ile) to  reco n n a isance su rveys ( .0 4 "  « 1 m ile) o f 
two t e s t  s i t e s  re p re s e n ta t iv e  of m orainal and outwash a re a s  of m ajor s o i l  
a s s o c ia t io n s  in  te rm in a l and in te r lo b a te  m oraine a rea s  in  so u th e rn  M ichigan 
w i l l  be compared w ith  ERTS-1, RB 57, and C 47 remote sen so r im agery a t  two or 
th re e  d i f f e r e n t  tim es of th e  y e a r . R esu lts  o f s tu d ie s  on th e se  t e s t  s i t e s  
w i l l  be a p p lie d  to  p rod u c tio n  o f g en e ra l s o i l  and landform  maps o f  r e p re s e n ta ­
t iv e  a re a s  w ith in  one or two ERTS fram es.
improvements in  the  accuracy o f s o i l  maps or in  th e  economy o f  o b ta in in g  
th i s  in fo rm a tio n  would be im m ediately a p p lic a b le  to  env ironm ental m aintenance 
o r improvement in  suburban and r u r a l  a re a s .  In  co n ju n c tio n  w ith  Task I ,
F o re s t and R elated  N a tu ra l R esources and Task I I ,  A g r ic u ltu ra l  C rops, th e  
d a ta  from Task I I I  may be u s e fu l  in  Regional Land Use P lanning  and Land 
E v a lu a tio n s .
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Mr. E. Wayne Chapman 
Page Two 
February  1 , 1973
Because o f w eather co n d itio n s  In  M ichigan a t  th e  tim e o f  ERTS o v e r f l ig h t s ,  
very  l im ite d  ERTS d a ta  have been re c e iv e d . The d a ta  w ere o b ta in ed  when much 
o f th e  ground was covered w ith  v e g e ta t io n . These d a ta  a r e  n o t id e a l  f o r  s tu d ie s  
o f s o i l s ,  s o i l  co n d itio n s  and landform s. The l a t e  a r r i v a l  o f th e  d i g i t a l  
ta p e s  has a ls o  delayed our in v e s t ig a t io n s  of th e  ERTS d a ta .  To d a te  we have no 
r e s u l t s  to  sh a re  w ith  you.
S in ce re ly  y o u rs ,
D e lb e rt L. Mokma 
Research A sso c ia te
DLM/pjm
cc: E. P . W hiteside
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Appendix N
ABSTRACTS OF RECENT WORK ON 
SOIL STUDIES BY REMOTE SENSING
An An.iL f:is of Soi l  Vnr in b I . l i ty  Repet i t i ve Color r.iid Color In f r ared
I'hoio.'.rnph y . C. J .  M ilfrc d  and R. W. K ie fe r , U n iv e rs ity  o f W isconsin .
S o il  v o r in U i l i ty  i s  c lo s e ly  c o r r e la te d  to  growth and y ie ld  o f a g r i c u l t u r a l  
c ro p s and i s  a ls o  s i g n i f i c a n t  when making s o i l  i n te r p r e ta t io n s  f o r  in te n s iv e  
n o n -a g r ic u ltu rn !  u s e s .  S o il  v a r i a b i l i t y ,  as in d ic a te d  by s u r fa c e  s o i l  to n a l 
p a t t e r n s  in  c u l t iv a te d  f i e l d s  and by v a r i a t io n  in  crop growth th ro u g h o u t a 
grow ing sea so n , was reco rd ed  by photograph ing  a s tu d y  a re a  near M adison, 
W isconsin , v.’i t h  c o lo r  and c o lo r  in f r a r e d  f i lm  on 20 d i f f e r e n t  d a te s  from May 
th rough November i n  1969. Econom ical r e p e t i t i v e  coverage was o b ta in e d  by 
u s in g  a l i g h t  p la n e  and a bank o f two 35 mm cam eras. The m ajor s tudy  s i t e  was 
A f i e l d  mapped a s  B a ta v ia  s i l t  loam, sand and g ra v e l su b stra tu m  p h a se , on a 
re c e n t  d e ta i le d  s o i l  map. T h is mapping u n i t  in c lu d e s  w e ll and m o d era te ly  w e ll  
d ra in e d  s o i l s  deve loped  in  more than  90 cm of s i l t  over s t r a t i f i e d  sand and 
g ra v e l .  S u rface  s o i l  to n a l p a t te r n s  and v a r ia t io n s  in  crop growth reco rd ed  
by r e p e t i t i v e  pho tography  a re  c lo s e ly  r e la te d  to  s o i l  d ra in ag e  and th ic k n e s s  
o f  s i l t  co v e r. E s tim a ted  y ie ld s  of ea r  co rn  (Zea Mays L .)  in  1969 ranged from 
5500 k g /h a  on a w e ll  d ra in e d  s i t e  w ith  a 100 cm s i l t  cover to  8000 kg /ha  on 
a m odera te ly  w e ll d ra in e d  s i t e  w ith  a 150 to  200 cm s i l t  Cover,
Low Cost Color and C olor In f r a r e d  A e ria l Photography fo r  S o il S u rv ey s . C. B.
Goudey, USDA, S o i l  C o n se rv a tio n  S e rv ic e , Auburn, C a l i f o r n ia ’.
Xs th e  demand and u ses  f o r  s o i l  maps c o n tin u e s  to  in c re a s e ,  so  docs th e  
need fo r  producing  s o i l  su rv ey s  w ith  in c re a se d  accuracy  and e f f i c i e n c y .  Based 
on o p e ra t io n a l  u s é ,  su p p lem en ta l c o lo r  and c o lo r  in f r a r e d  a e r i a l  photography 
h as  he lped  to p roduce  s o i l  maps w ith  g r e a te r  accuracy  and case  than  was p o s s i ­
b le  w ith  c o n v e n tio n a l m ethods. Low c o s t a p p l ic a t io n  of th ese  f i lm s  was ach ieved
by u t i l i z i n g  th e  35 mm tra n sp a re n c y  fo rm at. T his form at was found to  be a 
s u i t a b l e  method f o r  a c q u ir in g  and u sing  c o lo r  a e r i a l  photography f o r  s o i l  survey  
o p e ra t io n s  because  each  f i lm  h as i t s  own uses  and c a p a b i l i t i e s  f o r  s o i l  i n t e r ­
p r e t a t i o n s .  The u s e fu ln e s s  o f th e se  f ilm s  depends upon a c o n s id e ra t io n  o f th e  
s o i l s ,  v e g e ta t io n ,  and o th e r  p h y s ic a l  c h a r a c t e r i s t i c s  o f a s o i l  su rvey  a re a .
These f a c to r s  d e te rm in e  w hich f i lm , flown a t  what tim e of y e a r w i l l  produce in f o r ­
m ation most u s e fu l  f o r  s o i l  su rv e y s . S ince th e se  c o n d itio n s  o f t e n  vary  betw een 
and w ith in  so l 1 su rv ey  a r e a s ,  com prehensive p lan n in g  f o r  s o i l  su rv ey  a e r i a l  
tilioi/■>?>r.inhv In e s s c n t i .a l .
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Spĉ c t r n l of So i]  Or pa:-!ic >ict t c r . S. J .  K r i s to f ,  M. F, BnumgnrUner,
ar.d C. J .  Jid jannson , J^aboratory fo r  A p p lic a tio n s  of Remote Sensing and 
Departm eat of Agronomy, Purdue U n iv e r s i ty .
M u lt is p e c tr a l  d a ta  o b ta in e d  w ith  an a irb o rn e  o p tic a l-m e c h a n ic a l scan n er 
a t  an a l t i t u d e  o f 1 ,200  m were used to  map f iv e  d i f f e r e n t  ranges o f s o i l  
o rg an ic  m a tte r  c o n te n t .  S p e c tra l  d a ta  over th e  0 .4  to  2 .6p range o f th e  
e le c tro m a g n e tic  spectrum  w ere reco rd ed  on m agnetic  tape  in  analog form . A fte r  
co n v ers io n  to  d i g i t a l  form , th e  d a ta  were analyzed  by computer to  p ro v id e  
p i c t o r i a l  p r in to u ts  o f s o i l s  a re a s  w ith o u t s 'u rface  co v er. O rganic m a tte r  
d e te rm in a tio n s  w ere made in  th e  la b o ra to ry  on 197 sam ples of s u r fa c e  s o i l  from 
a 2 5 -h e c la re  t e s t  f i e l d .  O rganic m a tte r  c o n te n t v a r ie d  from 0 .7  to  6.2%.
TItose sample:; w ere u::ed to  t r a i n  the. com puter to  se p a ra te  and map s o i l s  hav ing  
d i f f e r e n t  1  ̂v c ls  o f o rg an ic  m a tte r .  A very  good c o r r e la t io n  was found to  
e x i s t  betw een s o i l  o rg a n ic : in a t te r  c o n te n t and the  s p e c t r a l  response  in  each 
of the  12 w aveleng th  bands. Computer mapping o f o rg an ic  m a tte rs  le v e ls  i s  
based on s p e c t r a l  d i f f e r e n c e s  o f su rfa c e  s o i l s .  ITie com puter, t r a in e d  w ith  
sam ples from one 25-ha f i e l d ,  p roduced o rg an ic  m a tte r  maps of s u r fa c e  s o i l s  
w ith  a h ig h  d eg ree  o f  accu racy  th roughou t th e  scan n er f l i g h t l i n e  of 40km.
The Use of Multispectral Data and Computer Processing in Mapping Soils.
A. L. Zachary, S. J, Kristof, and R. 1. Dideriksen, Laboratory for Applications 
of Remote. Sensing and Department of Agronomy, Purdue University, and UDSA,
Soil Conservation Service.
S tu d ie s  a re  in  p ro g re s s  on th e  a p p l ic a t io n s  o f rem ote m u l t i s p e c t r a l  
sen s in g  and com puter p ro c e s s in g  to  th e  c l a s s i f i c a t i o n  and mapping o f s o i l s  in  
In d ia n a . In  Morgan County s o i l s  o f th e  t e s t  a re a  a re  p r im a r ily  Typic H ap lu d a lfs  
o f  W isconsin age outw ash and windblown sand . In  Tippecanoe County th e  t e s t  
a re a  s o i l s  a re  T ypic  H ap lu d a lfs  and Typic A rg ia q u o lls  o f l a t e  W isconsin  t i l l  
o v e r la in  w ith  a th in  lo e s s  cap . M u lt is p e c tr a l  d a ta  o b ta ined  ov er b o th  a re a s  
w ith  an a irb o rn e  o p tic a l-m e c h a n ic a l  scan n er a t  an a l t i t u d e  of 1 ,200  m. S p e c tr a l  
d a ta  in  th e  0 .4  to  2 .6p  re g io n  o f the  e le c tro m a g n e tic  spectrum  w ere reco rd ed  on 
m agnetic  tap e  in  an a lo g  form in  12 d i f f e r e n t  w avelength bands. A f te r  co n v e rs io n  
to  d i g i t a l  form th e  d a ta  wore analyzed  by com puter to  p ro v id e  p i c t o r i a l  p r in to u ts  
of the  t e s t  f i e l d s .  P a t te rn  re c o g n it io n  tech n iq u es were used to  t r a i n  th e  
Computer to  s e p a ra te  and map s o i l s  in to  2 , 3 , 6 , 7 , and 9 c a te g o r ie s .  Comparisons 
were made betw een c o n v e n tio n a l s o i l s  maps and th e  computer p r in to u t s .  S im ila r i t ie *
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1 io::r>]upr. r>r.lv:c;cn Mult i ;-.pcctraT Kosnonse and Thysical and Chcnical 
?i cpcrI  irs oi Soiïs. A, H. Al-Abbas, A,. L, Zachary, P. H. Swain, and E. E. 
Horvath, l.r.boraf.ory for Applica lions of Romo Le Sensing and Department of 
Agronomy, Purdue University.
M u ltip le  r e g re s s io n  a n a ly s is  was ,used to  s tudy  the  r e la t io n s h ip s  betw een 
th e  s p e c t r a l  and th e  p h y s ic a l and chem ical p ro p e r t ie s  o f s o i l s .  M u lt is p e c tr a l  
d a ta  in  tlie 0 .4  to  2 .6y re g io n  of th e  e le c tro m a g n e tic  spectrum  were o b ta in e d  
w ith  an a irb o rn e  o p tic a l-m e c h a n ic a l scan n e r a t  an a l t i t u d e  of 1200 m. In  a 
g r id  p a t te rn  a t  i n t e r v a l s  o f 32 m 197 s u rfa c e  s o i l  sam ples were c o l le c te d  to  
a depth  o f 2 cm in  a 25-ha t e s t  f i e l d . L ab o ra to ry  d e te rm in a tio n s  were made 
fo r  o rg a n ic  m a tte r  c o n te n t ,  f r e e  i r o n  o x id e s , pH, phosphorus, p o ta ss iu m , 
t e x tu r e ,  MuKscll c o lo r  n o ta t io n s  and san d , s i l t  and c lay  f r a c t io n s .  Average 
r e f le c ta n c e  v a lu e s  o f fo u r r e s o lu t io n  e lem ents r e p re s e n tin g  th e  g r id  sam pling 
lo c a t io n s  were determ ined  f o r  each o f 12 w avelength ch an n e ls . Of th e  v a r ia b le s  
analyzed  o rg an ic  m a tte r  c o n te n t ,  c o lo r ,  p a r t i c l e  s iz e  d i s t r i b u t io n  and pll gave 
th e  b e s t  c o r r e la t io n s  v ;ith  m u l t i s p e c t r a l  resp o n se  p a t te r n s .  The s p e c t r a l  
range which gave th e  h ig h e s t r^  v a lu e s  f o r  p re d ic t in g  s o i l  o rg a n ic  m a tte r  and 
s o i l  c o lo r  was 0 .7 2  to  0 .8 .  For p r e d ic t in g  a v a i la b le  P and K th e  b e s t  ran g e  
was 1 .5  to  l .S y .  • - - - .
S o il  C olor and R e la te d  P ro p e r t ie s  of S u rface  S o i l s . M. F. Baumgardner, R. B 
Mac D onald, and C. J .  Johannscn , L ab o ra to ry  fo r  A p p lica tio n s  o f Remote Sensing  
and Department of Agronomy, Purdue U n iv e rs i ty .
Remote m u l t i s p e c t r a l  se n s in g  and computer tech n iq u es a re  be in g  used to  
s tu d y  tho se  p r o p e r t ie s  of s o i l s  w hich a f f e c t  s o i l  c o lo r .  M u lt is p e c tr a l  d a ta  
from an a irb o rn e  o p tic a l-m e c h a n ic a l scan n er a t  a l t i t u d e s  rang ing  betw een 1000 
and 3000 m eters have been compared w ith  s p e c t r a l  measurements a t  ground and 
near-g round  l e v e l s ,  M unsell c o lo r  n o ta t io n s  under a i r - d r y  and m o ist c o n d i t io n s ,  
o rg an ic  m atter c o n te n t ,  and o th e r  p r o p e r t ie s  of s o i l s .  The e f f e c t s  o f s o i l  
m o is tu re  co n ten t on th e  r e l a t i v e  s p e c t r a l  response  over the range from 0 .4  to  
14y were s tu d ie s .  I t  was observed  th a t  m o is tu re  has a pronounced e f f e c t  on 
the  c o lo r  c o o rd in a te , va lue  o r  b r ig h tn e s s .  On the  average th e  v a lu e  was low ered 
two le v e ls  in s o i l s  from a i r - d r y  to  m o ist s ta g e . To a le s s e r  degree  the  chroma 
o r p u r i ty  was a f f e c te d  by m o is tu re . R e su lts  in d ic a te  th a t  a n a ly s is  o f m u lt i ­
s p e c t r a l  data  o b ta in e d  a t ground le v e l  and from aero sp ace  p la tfo rm s  can be 
very  u s e fu l  in  q u a n tify in g  and d e s c r ib in g  c o lo r  and o th e r  s p e c t r a l  p r o p e r t ie s
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of S a t e l l i t e  and llir .h -a ltltz u d e  A e r ia l  P ho to g rap h s. to  Mapping 
S o i l  Associav.ior.s in  th e  S ou thw estern  U. S. and N orthern  >lexico. R. R. 
M o rr iso n , U. S. G e o lo g ic a l S u rvey , D enver, C olorado.
C olor (and m u l t i s p e c t r a l )  e a r th  s a t e l l i t e  and very  h ig h - a l t i tu d c  a e r i a l  
p h o to g rap h s  o f f e r  many ad v an tag es  f o r  s m a ll- s c a le  mapping of s o i l  a s s o c ia t io n s .  
S in c e  1968, I  have experim ented  u s in g  Gemini and A pollo space photographs 
f o r  p re p a r in g  1 :500 ,000  and 1 :1  m i l l io n  s c a le  maps of geomorphic (landform ) 
f e a t u r e s  and of s o i l  a s s o c ia t io n s  in  v a r io u s  p a r t s  of th e  so u th w este rn  U. S. 
ai.d n o r th e rn  M exico, m ainly by p h o to in te r p r e ta t io n , w ith  lim ite d  f i e l d  checking , 
I a l s o  have p rep a red  s im i la r  maps on 1 :250 ,000  s c a le  of a 1° oc 2*̂  a re a  in  SW 
A rizo n a  (Tucson to  A jo ) , u sin g  1 :1 2 0 ,0 0 0  and 1 :240 ,000  s c a le  c o lo r ,  c o lo r -  
i n f r a r e d ,  and m u l t i s p e c t r a l  a e r i a l  p h o to s . The sy n o p tic  coverage o f la rg e  
re g io n s  under uniform  l ig h t in g  c o n d it io n s  p rov id ed  by the  space p h o to s , and , 
to  l e s s e r  d e g re e , th e  u l t r a - h i g h - a l t i t u d e  a e r i a l  p h o to s , proved u s e fu l  in  
shew ing g ra d u a l r e g io n a l  changes in  s o i l  a s s o c ia t io n s ,  as w ell as  many f in e r  
d e t a i l s .  A s k i l l e d  g c o m o rp h o lo g is t-so il  s c i e n t i s t  can deduce th e  p ro b a b le  s o i l  
a s s o c ia t io n s  from d e ta i le d  p h o to in te r p r c t iv e  t e r r a in  a n a ly s is  and from th e  
c o lo r  d if f e r e n c e s  on th e  p h o to s . Adequate f i e l d  checking i s  e s s e n t i a l  because  
s im i l a r l y  co lo red  a re a s  on th e  pho tos can have v e ry  d i f f e r e n t  s o i l s .
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Appendix O
U nited  States Departm ent o f  the In terio r
B U R E A U  O F  L A N D  M A N A G E M E N T
California Desert Plan Program 
P.O. Box 723 
Riverside, California 92502
9164 (3867)
1973
E. Wayne Chapman 
Forestry Department 
University of Montana 
Missoula, Montana 59801
Dear Wayne:
Sorry I am late in answering your le tte r but I spent two weeks in 
the fie ld  and several days in bed with the flu .
I am enclosing an abstract of BLM's project with NASA and a copy of 
objectives for each specific s ite. The Arizona and California sites 
are extremely arid, the Oregon site is classed as semi-arid. At 
present I have been able to determine l i t t l e  from ERTS-1 sa te llite  
imagery. The s a te llite  completely missed the 1972 growing season. 
Therefore, I am placing a ll my hopes on the coming growing season.
There are some early results that annual forage growing in the 
Mediterranean type climate of central California can be monitored 
from sate llite  imagery. Dr. David Carneggie at the University of 
California Berkeley Campus, Forestry Remote Sensing Laboratory, 
School of Forestry and Conservation has a project funded by EROS.
I believe he could also help you.
I anticipate that I w ill have in it ia l results by mid summer, 
sorry that I cannot be of more help to you at this time.
Sincerely yours
Gordon Bentley
ERTS Principal Investigator
I am
Enclosures
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Appendix P
UNITED STATES DEPARTMENT OF AGRICULTURE  
SOIL CONSERVATION SERVICE
F. U. Box '0 2  
B ryan, Texas 77(301
SUBJECT; R,\NGE -  Rmnotc Sensing d a t e -. Kovenfcer 2S, 1972
TO; E, Wayne Chapman
$03 Patt'ee Canyon Drive 
M issou la , Montana $9(i01
Wayne, p le a se  pardon th e  ta rd in e s s  oT my re p ly  to  your l e t t e r  concern ing  
our work w ith  th e  N a tiona l A eronau tics and Space A d m in is tra tio n ,
A ttached , I  am send inn you a copy o f our ERTS-1 Range A nalysis 
I n v e s t ig a t io n  Plan ( d r a f t . )  Although i t  does no t have f in a l  ap p ro v a l,
I  do no t a n t ic ip a te  much change in  th e  d r a f t .  The p lan  w i l l  t e l l  you 
whet we p lan  to  do, w ith  re fe re n c e  to  ERTS-1 data^and  how we p lan  to  
go about i t .  Also a ttach ed  a re  co p ies  o f  iry l a t e s t  t r i p  re p o r ts  to  
th e  S ta te  C o n se rv a tio n is t . These should  g ive  you some id ea  o f where 
we a re  in  th e  in v e s t ig a t io n .
T his may seem fragm entary . But i f  I  t r i e d  to  be more s p e c i f ic ,  i t  
would l ik e ly  be sp e c u la tio n . We a re  j u s t  now g e t t in g  in to  the 
a c q u is i t io n  and a n a ly s is  o f  the  d a ta .
I  hope t h i s  in fo rm atio n  w i l l  prove u s e fu l  to  you. I f  I  can answer 
o th e r  q u e s tio n s  f o r  you, j u s t  l e t  me know,
Donald T. Pendleton 
F ie ld  upec i a 1i s t - Range
A ttachm ents
c c : Edward E. Thomas, S ta te  C o n s e rv a tio n is t ,  SCS, Temple
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Appendix Q
UNIVERSITY OF MINNESOTA
TWIN CITIES
Center fo r Urban and Regional A ffa irs 
311 W alter Library 
M inneapolis, M innesota 55455
February 12 , 1973
E. Wayne Chapman
503 P a tte e  Canyon D rive
M issou la , Montana 59801
Dear Mr. Chapman :
I  apo log ize  fo r  th e  delay  in  answ ering your l e t t e r —we have been v e ry  busy . 
B r ie f ly ,  th e  purpose o f our u n d e rtak in g  i s  to  a sse s s  th e  f e a s i b i l i t y  o f  
e x tr a c t in g  re so u rc e  in fo rm atio n  from ERTS-1 imagery to  update and r e f in e  
e x is t in g  s ta te -w id e  land  re so u rce  in fo rm a tio n  system s. Work has cen te red  
on a com parative a n a ly s is  o f M innesota Land Management In fo rm ation  System 
(MLMIS) and ERTS-1 lan d  use c la s s e s .  The a s s o c ia te d  problems o f  de term in ing  
a p p ro p ria te  d a ta  c e l l  s iz e  and op tim al sea so n a l tim in g  have a lso  been add ressed .
Using ERTS-1 im ages, dominant lan d  u se  i s  c l a s s i f i e d  as fo llo w s: u rb an ,
f o r e s t ,  a g r i c u l tu r e , e x t r a c t iv e ,  t r a n s p o r ta t io n ,  w a te r , and w e tla n d s . P re ­
lim in a ry  a n a ly s is  sugg ests  t h a t  w ith  a p p ro p r ia te  changes in  o p e ra tio n a l 
d e f in i t io n s  th e s e  g en era l c la s s e s  can be f u r th e r  r e f in e d . A d d itio n a l d e t a i l  
appears most f e a s ib le  in  u rb an , f o r e s t ,  w e tla n d , and e x t r a c t iv e  c la s s e s .
We have been ex p erien c in g  delays in  r e c e ip t  o f  equipment and im agery which 
have in h ib i te d  our a n a ly s is  e f f o r t s .  However, th e  s i tu a t io n  i s  now im proving 
and we expect to  o b ta in  more d e f in i t iv e  r e s u l t s  soon. We w i l l  keep your 
re q u e s t on f i l e  and t r y  to  forw ard more in fo rm a tio n  t o  you a t  a  l a t e r  d a te .
S in c e re ly  y o u rs ,
S teven J .  P r e s t in  
R esearch A s s is ta n t
Geography Department 
UlU S o c ia l  Science Tower
S JP rjp
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Appendix R
New York State College of Agriculture and Life Sciences
a SIntutory College of the State University
Cornell University
Department of Natural Resources 
Fernow Hall, Ithaca, N. Y. 14850
Fishery Science 
Forest Science 
Wildlife Science 
Natural Resources 
Outdoor Recreation 
Environmental Conservation
January  17, 1973
Mr, E. Wayne Chapman 
F o re s try  Department 
U n iv e rs ity  o f Montana 
M issoula, Montana 59801
Dear Mr, Chapman;
I w i l l  t r y  to  answer your l a s t  q u es tio n  f i r s t .  In  1967 R. L. S he lton , 
D. J ,  B elcher and I pub lished  a leng thy  re p o r t on th e  P o te n t ia l  B en e fits  
o f Remote Sensing In  A p p lica tio n s  fo r  A g r ic u ltu re , F o re s try , and Range 
Land Management, There Is  a s u b s ta n t ia l  amount of docum entation In  th a t  
re p o r t  on th e  v a r io u s  b e n e f i t  sou rces fo r  ERTS and o th e r  s a t e l l i t e  sources 
of In fo rm a tio n . That re p o r t  may be a v a ila b le  from th e  USDA through 
Dr, Robert O tte , South B u ild in g , Land R esources Branch, W ashington, D. C.
I 'm  su re  I t  w i l l  be a m ajor h e lp  to  your re se a rc h .
As fo r  our work on th e  ERTS-A p r o je c t ,  we are  e v a lu a tin g  the  u t i l i t y  
of th e  r e t r ie v e d  imagery as a source o f  in fo rm a tio n  fo r  land use and n a tu ra l
reso u rce  c l a s s i f i c a t i o n ,  I  have enclosed  th e  "m eat" o f  the p ro p o sa l w ith
th i s  l e t t e r ,  I  have a lso  enclosed  two r e p r in t s  o f In fo rm atio n  on the LUNR 
Inven to ry  of New York S ta te ,  I  b e lie v e  th e se  Item s w i l l  be o f  he lp  to  
you In  your re s e a rc h .
The m ajor use fo r  remote sen sin g  th a t  we have found, w hether i t s  
from a i r  p h o to s, scan n e rs , therm al s e n so rs , s a t e l l i t e s  or ground cam eras.
I s  in  I t s  a p p l ic a t io n s  In  re so u rce  management, I b e lie v e  t h i s  i s  s t i l l  
the  m ajor f i e l d  of a p p lic a tio n  fo r  a l l  forms o f rem ote se n so rs . This 
i s  re p o rte d  on in  A g ric u ltu re  In fo rm atio n  B u lle t in  No. 352, USDA, Econ,
Res. S e rv ic e , and in  G eological Survey C irc u la r  #671, U. S. Department 
o f I n t e r io r ,  1972.
S in c e re ly ,
E rn es t E. Hardy 
R esearch A sso c ia te
EEH:11
E nclosures
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Appendix S
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 
Houston. T exas 77058
REPLY TO 
ATTN OF: TF2
Mr. E. Wayne Chapman 
Soil Conservation Service 
503 Pattee Canyon Drive 
Missoula, MT 59801
NOV 6 1972
Dear Wayne:
Thank you for your le tte r and continued interest in our program. I
think the idea of a professional paper is a fine one and would be
happy to help.
I have asked our data bank to send you a copy of the Proceedings of 
our Fourth Annual Review and believe you w ill find i t  useful. I am 
also enclosing some other items which may help in your research. In 
particular, the paper by Dr. David Barr provides a survey of appli­
cations to the fie ld  of Civil Engineering. I f  at some time you would 
be interested in collaborating on, say, a journal artic le  I know DaVe 
would be happy to work with you.
There are several other people whom you should contact in regard to
your paper. One is:
Dr. David Landgrebe
Purdue University School of Agriculture 
Department of Forestry & Conservation 
Lafayette, Indiana 47907 
Phone: (317) 749-2052
Dr. Landgrebe heads the work at Purdue and he and his team have pursued 
the subject of soil identification about as far as anyone I know.
Another contact would be:
Dr. Harold Mathews, 653 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
Phone: (301) 982-6603
A
This fellow is a soil scientist and has been working with GSFC for a 
few months now and is probably aware of other work. I know he is in 
touch with C liff  Orvedahl of SCS Headquarters.
1 3 1
When you are in Washington I suggest you contact:
Dr. Martin Molloy, ERR 
NASA Headquarters 
Washington, D. C. 20546 
Phone: (202) 755-8626
I w ill contact Dr. Molloy and te ll him the dates you w ill be there. He 
is our most direct counterpart at NASA Headquarters and the only tech­
nical man there who follows this sort of thing.
I would be very pleased to talk to you at any time as your paper devel­
ops and can be reached on FTS. My phone number here is (713) 483-4623. 
I am enclosing also a few representative prints of high altitude color 
IR photos. I f  any of the illustrations in Dr. Barr's paper would be 
useful le t me know and I can probably round up a glossy copy.
The ERTS is s t i l l  working fine and returning excellent data from the 
multispectral scanner.
We had a most successful vacation in Canada after the Portland Confer­
ence. I'm glad you made i t  to Lethbridge.
Do le t me know how your paper progresses - I w ill follow i t  with great 
interest.
Sincerely,
R. Bryari^ErT^Manager 
Applications Office
4 Enclosures 
Dr. Barr's Paper 
Portland Talk 
Photos
Soil Identification Studies 
cc:
SCS/Roy Hauger 
Ed Thomas 
Dr. David Barr
University of Missouri - Roll a 
125 Mining Building 
Roll a, Missouri 65401
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March 21, 1973
MEETING ON REMOTE SENSING
Sponsor: H yattsvlU e Cartographic Unit
Speakers : % ree NASA sp e c ia lis ts  in  geology and hydrology
Attendance: about 90 SCSers, including most s o ils  personnel, some 
cartographic, and others^
”ERTS-I" was launched by NASA in  Ju ly . I t  is  sending back "imagery” which 
can be computer processed to  provide a v a rie ty  o f maps o r data.
At p resen t, our only a c tu a l involvement seems to  be $137,000 o f reimbursable 
work by cartographic in  producing mosaics from s a te l l i t e  photos. However, 
the  p o ten tia l fo r SCS involvement is  tremendous in :  s o i l  survey, snow
survey, watershed and r iv e r  basin  a c t iv i t ie s ,  and broad resource planning.
Some app lications (ac tual or ju s t  proposed) which were i l lu s tr a te d  by s lid e s  
and lec tu re  were:
1. P red iction  of volcanic a c tiv ity  -  ground data s ta t io n  in  conjunction w ith 
ERTS.
2. - Pinpointing the location  of m ineral deposits a t  the  juncture of l a t e r a l
fault lines (Alaska). .
3- Observation of f a u l t  l in e s  never seen before -  e .g . ,  new l in e s  along 
C alifo rn ia  coast. ^
4. The data to  make quick geologic surface maps of large  areas -  not possib le  
before (e .g . ,  10 ERTS shots provide a mosaic fo r the s t a t e o f  Georgia -  
2,800  a e r ia l  photos a t  high le v e l  would nom ally  be required .
5« Fire  damage e s tlc a te s  -  f i r e  scar data has been mapped in  Alaska—the exteni 
of f i r e s  can be quickly determined. # '
6. Vegetation maps can be prepared since d iffe re n t types of vegeta tion  give 
o ff  d iffe re n t rad ia tio n  lev e ls  (even f ie ld  corn and pop corn d i f f e r ) .
7* Acreages can accurately be measure»! - (In California 7 rice fields known 
to contain l̂ sSSî actual acres were measured, ERTS and computer came up 
with 1,218 acres )7^
8. The degree of urbanization, over the years, can be measured (by c i ty  or 
county or s ta t e . )  have compared Apollo hand-held shots of a few years 
ago to  ERTS imagery—can evaluate the  amount of land lo s t  to  a g ric u ltu re .
1 3 3
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9. Id en tif ica tio n  of dlffcrenf"crops ; assessnent of th e ir  values and a c re s re : 
cociparlson with c f f i c i c l  crop e s ti ra te s  is  possib le -  apparently of g rea t 
value to  SK3 and otber ü5ü\ agencies.
10. Broad land use planning cau be e asie r  and more accurate since new geologic, 
economic, hydrologie and other data is  ava ilab le  fo r  broad areas from 
ERTS.
$
11. Acreages of public vs. p riva te  lands can be evaluated and estim ated from 
ERTS data.
12. Changes over a period of time can be evaluated - I r r ig a tio n  system leaks 
can be detected  -  water leve ls  can be watched -  flood water r i s e  or 
lowering detected and measured, e tc .
13. Watersheds and r iv e r  basins can be accurately  mapped - tr ib u ta r ie s  
id e n tif ie d , water volume estim ated, e tc . ;  increase or decrease in  surface 
water volume i s  noted.
14. Small water holding lakes', ponds can be id e n tif ie d , counted, measured as 
never before ( e .g . ,  - In high p lains area of Texas measured some 6,000 
small lakes on one ERTS frame.
15. }jydrographs and other computer-related charts can be constructed , due to  
severa l s a t e l l i t e  transm issions each day.
16. Water I r r ig a t io n  p a tte rn s  can be observed and mapped.
17. Flood damage estim ates, comparisons before and a f t e r ,  flood p la in  data 
be developed (even Y-10 days a f te r  flood much of the data can s t i n  hm 
picked up by ERTS).
18. Snow survey and water forecasting  can be improved -  changes in  snow
cover can be accura te ly  measured over a period of time; streamflow data
cap be quickly relayed  and processed, saving many do lla rs  in  i r r ig i t io n
management. % '
19. Surface water naps and geologic maps of the world can be updated or p re­
pared—also  vegetation  maps.
20. The growth p a tte rn s  of p o ten tia lly  dangerous g lac iers  can be determined, 
measured.
21. Changes in  s a l in i ty  or other water conditions can o ften  be noted and 
measured ( e .g . , development of algae in  p a rt of Great S a lt Lake t ie d  to  
s a l in i ty  d iffe rences—algae reg is te red  on s a te l l i t e  photos.
22. Wetlands, d e lta s , e tc . can accurately  be measured and evaluated through
ERTS.
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23. ^ t e n t l a l s  fo r population growth can be assessed fo r proposed a reas— 
'(nbtin's and measuring w ater, vegetation and other resources in  various 
areas from ERTS).
24. Accurate s o i l  mapping may be possib le -  c e rta in ly  a tremendous a id  to  
support f ie ld  surveys—even now a high degree of accuracy and compati­
b i l i t y  with regular survey data. '
25» Locating and reporting  on remote, inaccessib le  areas is  possib le  fo r a 
v a rie ty  of uses.
26. Sediment loads of r iv e rs  a f te r  floods; sediment flow in to  lakes or 
oceans a f te r  floods and ra in s  can be measured. Areas of sediment pro­
duction can be^cTetected^y ERTS imagery.
27. A great v a rie ty  of color maps and photos can be produced by ERTS computer 
adaptations to  depict features as types of vegetation, geologic fea tu re s , 
water or mineral resources, flood volume, sediment loads, e tc . The 
computer can superimpose data from ERTS with a e r ia l  photos, e a r l ie r  
photos or maps, e tc .
While this is only a very superficial description of the many slides and 
ideas presented, it does present some idea of the great potential uses of 
satellite-remote sensing.
Following the morning session, a few of our people were invited to tour the 
Goddard space facility and learn more about the satellite program.
William H. Spealman 
Classification & Organization Branch
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A UNITED STATES 
DEPARTMENT Of 
COWWERCE 
P U B L IC A T IO N iT(am
WEEKLY ABSTRACTS
NATIONAL TECHNICAL INFORMATION SERVICE
93-73-05 January 29, 1973
REPORTS CONTAINING 
AUTHOR-IDENTIFIED SIGNIFICANT 
RESULTS
Iron-nbsorption Baud Analysis for (he Discrimination of Iron- 
rich Zones.
Lawrence C. Rowan.
Geological Survey, Washington, D.C. 1 Nov 72, 4p
NASA-CR-129286
E72-10294 PC$3.00/MF$0.95
The author has identified the following significant results. 
Analysis of ERTS-1 images of Nevada has followed two cour­
ses; comparative lineament mapping and spectral reflectance 
evaluation. The comparative lineament mapping was 
conducted by mapping lineaments on 9 x 9 inch prints of MSS 
bands S and 7, transferring the data to a base map, and 
comparing the results with existing geologic maps. The most 
significant results are that lineaments are more numerous on 
the band 7 images, and approximately 100 percent more were 
mapped than appear on existing maps. Geologic significance of 
these newly mapped lineaments w ill not be known until they 
arc checked in the field, many are probably faults. Spectral 
analysis has been limited to visual comparison among the four 
MSS bands. In general, higher scene contrast is shown in the 
near infrared bands (6 and 7) than in the visible wavelength 
bands (4 and 5). The econo nic implications of these results 
derive chiefly from the greater efficiency that can be obtained 
by using near infrared as well as visible wavelength images.
Identification of Gcostructurcs of Continental Crust 
Particularly as they Relate to Mineral Resource Evaluation. 
George G rye, and Ernest H. Lathraro.
Geological Survey, Menlo Park, Calif. 20 Nov 72, 6p
NASA-CR-129288
E72-I02W. p( l'$0.95
'ITie uiidior hiis iile iiiific it (he following significant results. 
Preliminary examination o f ERTS-1 imagery in central and
northern Alaska substantiates the existence of a conjugate set 
of northeast and northwest faults suggested by linears noted 
on Nimbus 4 images. Linears of both trends arc well expressed 
and several have been mapped as faults, including the Shaw 
Creek fault, imagery provides new data to support the interpr­
etation that the Kobuk Trench is the northern margin of a 
broad west-trending fault zone bounded on the north and 
south by strike-slip faults. In northwestern Alaska, MSS band 
5 imagery shows Mississippian limestone as white, while 
shale, sandstone, and chert o f other ages appear dark. As the 
limestone is the basal formation of the numerous thrust plates 
stacked in the area, images of band 5 w ill assist significantly in 
depicting the distribution of the thrust plates. In south-central 
Alaska the newly described Totshunda fault is readily 
identified and extends into areas not yet mapped. Also shown 
is another fault parallel to the south of the Totshunda whieh 
has not yet been recognized in the field.
Major Crustal Fractures in the Baltic Shield.
Heikki V. Tuomincn.
Helsinki Univ. (Finland). Dept, o f Geology and Mineralogy.
12 Dec 72. 7p NASA-CR-129289 
£72-10297 PC$3.00/MFS0.95
The author has identified the following significant results. In it­
ial analysis of the bands for images 1039-09322. 1039-09315, 
and 1040-09371 provide a detailed picture of a zone extending 
500 km north-northeast from the northern coast of Gulf of 
Bothnia. Highways (on bands 0.5-0.6 and 0.6-07), rivers 
(bands 0.7-0.8, 0.8-1.1) and bare fe ll tops arc visible. Schist 
belts, as known from ground surveys, can be discerned from 
areas occupied by their basement rocks or major plutons. A 
number of sharp lineaments, apparently faults, arc visible. 
Some major fracture zones, up to 50 km wide, that form 
distinct lineaments in weather satellite pictures and belong to 
the main objects o f this study, are rather indistinct in the 
Images but carl be traced. (Author)
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SKYLAB-All
the Comforts
of Home
EDITOR’S NOTE -  Gone 
are the cramped capsules of 
Gemini and Apollo. The next 
set of astronauts will have their 
own rooms, a pantry, shower, 
stereo and even a picture win­
dow. The project is Skylab, 
America’s first space station — 
a shift from space exjriloration 
to space exploitation.
By HOWARD BENEDICT 
AP Aerospace Writer
CAPE KENNEDY, Fla. (A?) 
— They call it the big bungalow 
in the sky.
Outside there will be no pick­
et fence or flower garden — 
only the vastness of space.
“But inside we’ll have all the 
comforts of home,” says 
Charles Conrad Jr., one of nine 
astronauts who wW live and 
woik in the two-story orbiting 
laboratory for periods up to 
eight weeks this year.
No more cramped quarters 
like the Mercury, Gemini and 
Apollo capsules. The laboratory 
is as large as a medium-size 
house, with 30 times more vol­
ume than Apollo. Each astro­
naut will have his own bed­
room, there is a kitchen and a 
pantry packed with a ton of 
food ranging from steak to ice 
cream.
There’s a shower and a toilet, 
stereo sets, books, changes of
clothing, playing cards, a dart 
board, exercise machines, even 
a doctor on board.
There’s a picture window for 
viewing earth 270 miles away. 
And each seventh day will be a 
day of rest.
The project is Siqrlab, Amer­
ica’s first space station, which 
signals a new era in which the 
United States is shifting empha­
sis from space exploration to 
space exploitation — intending 
to benefit man in many ways.
The Skylab astronauts are to 
conduct 87 different ex­
periments aimed at developing 
techniques for surveying 
earth’s resources from space, 
determining man’s ability to 
function in orbit for lor% peri­
ods, extending solar astronomy 
beyond earth’s dense atmos­
phere and experimenting with 
space manufacturing..
The huge laboratory is to be 
launched unmanned by a Sa­
turn 5 rocket on May 14. The 
next day the Skylab 1 crew will 
be launched in a modified 
Apollo moonship by a smaller 
Saturn IB rocket.
Crew members are Com­
mander Conrad, veteran of 
three space flights including a 
moon walk on Apollo 12; Paul 
J. Weitz, and Dr. Joseph P. 
Kerwin, a {diysidan.
They will link up with the
Skylab station and enter it for 
a 28-day stay.
After they return home, the 
Skylab 2 team of Commander 
Alan L. Bean, also an Apollo 12 
moon walker; Jack R ù)usma, 
and Dr. Owen K. Garriott will 
rocket up to the same labora­
tory in August.
In November, the Skylab 3 
astronauts. Commander Gerald 
P. Carr, William R. Pogue and 
Dr. Edward G. Gibson will visit 
the lab. The last two crews are 
scheduled to remain aboard for 
56 days, with the possibility the 
last mission might be extended 
to 70 days.
With the Apollo craft at­
tached on one end, Skylab will 
be a weird-looking space con­
traption which will be visible as 
a star in the sky to more than 
90 per cent of the worid's popu­
lation. It will whirl over 75 per 
cent of the land mass on the 
globe, more than any other 
U.S. manned space vehicle.
It wiU be 117 feet long and 
the 48-foot-tall living area will 
be 21.6 feet in diameter. Once 
in orbit, the lab will extend two 
solar panels to a wingspan of 90 
feet to. convert the sun’s rays to 
electrical energy. And a large 
array of space telescopes will 
be deployed, unfolding four 
more solar panels, each 40 feet 
long.
Almost all Skylab’s supplies 
will be carried up in the un-
^  S'
f  -  J#.-- V  • ■ ; ■ • ' •  “ =̂ *.-•■• * v
Î
^ ■ ■ i ii r  w " ....
' '*,T. % ' ;T y.
ORBITING SPACE STATION -  The artist’s illustration 
shows NASA’s Skylab circling 270 miles above earth — as 
it will be doing if all goes to plan after its May 14 launching.
The Skylab is 117 feet long and will be manned for experi­
mental purposes. (AP Newsfeatures Photos)
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manned station. That includes 
2,400 pounds of food and 6,000 
pounds of water, enough for all 
nine astronauts, who will be on 
a carefully controlled diet for 
the medical study. In all, 13,000 
items weighing 11,000 pounds 
will be stowed on board.
When they enter the craft, 
Conrad, Weitz and Kerwin will 
check electrical, cooling and 
other systems, unstow many 
items, unpack laboratory sup­
plies and set up shop.
“It will take us at least a day 
and a half to activate the work­
shop,” Weitz explained. “It will 
be like the movers dumped all 
the furniture and stuff into your 
new house and you came in the 
next day and started sorting it 
out.”
Once that is done, the astro­
nauts will settle down in their 
roomy bungalow to start their 
numerous experiments.
Emphasiss on the first mis­
sion will be on medical studies 
because if man is to work for 
extended periods in space in 
the future, it first must be de­
termined if he will be adversely 
affected by the weightlessnes. 
Thus, physician Kerwin will 
have a heavy burden.
“In the Gemini program we 
determined astronauts could 
endure periods up to 14 days in 
space without ill aftereffects,” 
Kerwin said. “Medical experts 
determined we could double our
time for Skylab 1. And once it 
is established that the crew of 
Skylab 1 encounters no medical 
problems, it will be reasonably 
safe to increase the second and 
third flights to 56 days.”
On previous space journeys 
astronauts experienced a con­
sistent loss of body fluid; a 
small loss in bone calcium and 
muscle mass, and a reduction 
in the ability of blood vessels to 
actively distribute blood to the 
various parts of the body fol­
lowing return to earth gravity 
conditions.
The latter resulted in pooling 
of the blood in the legs and 
caused some dizziness.
These effects vanished a few 
days after return to earth.
Until now, medical tests on 
astronauts have been possible
only before and after a flight. 
WiÜ» Skylab, KeiVnn will luve 
a medical lab to make inflight 
checks, including drawing of 
blood smaples, taking many 
measurements and collecting 
and freezing daily urine and 
feces samples.
Kerwin and other space agen­
cy doctors feel there is a point 
in flight, probably within 28 
days, when most of these body 
changes reach a plateau and 
thus would not worsen an astro- ' 
naut’s condition on return to 
earth. Skylab aims to find out 
if this is true.
Kerwin’s work will be in 
these areas;
— Study the role of wei^- 
tlessness in man’s metabolic ef­
fectiveness in doing mechanical 
work.
— Cardiovascular study to 
assess effects of long exposure 
to zero gravity on the heart and 
blood vessels and to measure 
the response of the circulatory 
system to various work loads.
— Hematology and immu­
nology experiments to in­
vestigate behavior of the blood 
cells, body fluids and body im­
munity when gravity is absent.
* — Biological rhythm study 
to determine whether the nor­
mal rhythms such as sleep and 
wakefulness are influenced by 
the weightlessness and a rapid 
day-night cycle. While orbiting 
at 17,400 miles an hour, Skylab 
will pass from daylight to dark­
ness and back to daylight on 45- 
minute cycles.
— Investigate nutritional re­
quirements.
Kerwin is the only medical 
doctor ticketed for a Skylab 
voyage. The doctors on the last 
two missions, Garriott and Gib­
son, are solar (Aysicists whose 
prime interest wUl be to oper­
ate the solar astronomy tele­
scopes. But they have trained 
extensively to conduct medical 
experiments and to perform in 
emergencies-everything from a 
toothache to a heart seizure.
The two pilot-astronauts on 
each flight also have received 
medical training, but the main 
burden will be on the scientist- 
astronauts.
While Skylab 1 will focus on
medical aspects, extensive 
work also will be done in other 
experiment areas.
With a $37 million array of 
photosensors the astronauts will 
survey wide areas of the earth, 
evaluating the best instruments 
and methods for charting 
earth’s resources from space. 
They will study calibrated tar­
gets on the ground, which also 
will be surveyed by on-the-spot 
diedQ and by similar sensors 
flown in aircraft and in the un­
manned ERTS-1 satellite.
Most of the targets are in the 
United States, but several for­
eign countries have asked that 
the astronauts survey various 
locations.
In the U.S. there will be 83 
area obseivations that may be 
applied to research in agricul­
ture, forestry, hydrology, hy­
drography, oceanography and 
geomorphology.
‘They could lead to a science 
in such things as mapping snow 
cover and assessing water run­
off potentials; mapping air and 
water pollution and their 
sources; assessing diseased and 
healthy crops; timber volume 
estimate; locating arable land; 
determining sea state and fish­
ing grounds, and locating hid­
den oil and mineral reserves,” 
Weitz explained.
“And if a natural phenome­
non like a hurricane or a vol­
cano should start up while 
we’re in flight, we’ll try to aim 
our instruments at them to per­
haps gain a better under­
standing of their nature,” he 
reported.
Coivad calls the $107 million 
telescope mount “the most 
complex scientific equipment 
ever sent into space .. .  It’s 
like a whole separate space­
craft in itself.”
“The big advantage over 
earth telescopes is that we’ll be 
operating it above the earth’s 
atmosphere, which filters out 
most X-ray and ultraviolet 
radiation from the sun and 
stars and Uius leaves big holes 
in interpretation and under­
standing,” Conrad said.
They especially want to study 
solar flares and sunspots which
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erupt on the sun, spilling vast 
amounts of radiation into space 
and affecting weather and com­
munications on eardi.
On the 26th day of iSkylab 1, 
Kerwin will take a space walk 
outside to retrieve film from 
the telescope mount and to load 
the experiments with film for 
the next crew.
Looking toward the day when 
man may one day manufacture 
specialized items in the unique 
weightlessness and vacuum of 
space, all three teams will con­
duct metals and materials 
procesring experiments.
They’ll use a high power elec­
tron beam gun in evaluating 
the possibility of crystzd 
growth, metals melting and 
forming of composite materials 
and spheres.
NASA envisions a time when 
workmen in orbiting factories 
will be manufacturing h i^  
quality electronic devices, tiny 
crystals, perfectly round baU 
bearings, precision optical 
lenses, superstrong and exotic 
materials, pure vaccines and 
insecticides and other items im­
possible to produce on earth be­
cause of gravity.
Some experts predict a #50 
billion market by the end of
this century for space-made 
materials and biologicais.
The as&onauts pten to work 
a 10-hour day, but that is ex­
pected to stretch to 16 maiqr 
days because of unforeseen 
problems and because many 
events will be devoted to dis­
cussing the day’s results and 
next day’s activities with mis­
sion control Center.
The spacemen wall film daily 
highli^ts on video tape and 
each day will beam a half-hour 
telecast to Mission Control for 
evaluation by experts cm cer­
tain expoiments and on crew 
behavior.
The astronauts mtoid to eat 
tc^ether in the Sky lab ward­
room each evening to discuss 
planning. Most other times 
they’ll eat at thër individual 
stations.
The meals should be pleas- 1 
ant, not the freeze-dried, water- ’ 
reconstituted food of previous ! 
space flights. The astnmauts . 
will be able to cook such frozen ' 
food as prime rib of beef, filet : 
mignon and lobster newburg in 
heating compartments in their, 
food trays. For appetizers there 
will be such delicacies as 
shrimp cocktail and salmon sal; 
ad. Dessert includes cookies 
and ice cream.
The trays are magnetized so* 
they’ll stay on the wardroom 
table without floating away in 
weightlessness. And the space­
men will stand in foot re­
straints at the base of the table 
so they too will stay put.
There will be a total of 600 
tape cassettes aboard, selected 
by all nine crewmen. Eadi 
man also picked five or six pa­
perback books to take along.
What about the time off ev­
ery seventh day?
“Those free days will be an 
absolute must because of the 
heavy work load the other rix 
days,” Conrad said. “We’ll be 
more efficient by taking the 
day off rather than scheduling 
something. In a sense it won’t 
be a full day off because there 
are routine housAeê ung 
chores to attend to and there 
will be the evening consultation 
with Mission Control.
"But we’ll have some time 
for reading, or listening to mu­
sic, or just looking out the win­
dow. We can play cards or 
throw darts and we have some 
zero gravity handballs that we 
can hit against the wall, ” the 
commander said. “But on the 
off day, if a guy just wants to 
go to his roopi and stick his 
head in his sleeping bag, he 
ought to be able to do i t ” „
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INFLIGHT MEDICAL CHECKS — Science machine, watched by Skylab commander
pilot Dr. Joseph P. Kerwin, left, checks pilot Charles Conrad Jr., right, during training at
Paul J . Weitz in a lower body negative pressure the Manned Spacecraft Center, Houston.
